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(54) PROCESS FOR PREPARING POROUS ELECTROLYTIC METAL FOIL 

(57) A process for preparing a porous electrolytic 
metal foil by electrodepositing a metal on a drum cath- 
ode by using a drum cathode and an anode to form a 
metal foil layer and separating the formed layer from the 
drum cathode, wherein a coating of an electrically Insu- 
lating material is formed on the cathode surface 
exposed after the foil separation by sutDjecting the 
exposed surface to electrolytic oxidation, by spraying 
the exposed surface with a resin liquid, or by suspend- 
ing a machine oil or the like in an electrolyte to deposit 
the machine oil onto the exposed surface. The metal foil 
thus obtained has a large number of interconnecting 
pores in the direction of thickness and, when used as a 
collecta substrate of an electrode for a battery, can pre- 
vent the separatbn of a composite for a battery thus 
contributing to an Improvement in the cycle time off a 
battery 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a method of manufacturing a porous electrolytic metal foil and. more partcularly, 
to a method of manufacturing a porous electrolytic metal foil in which when the metal foil is used as a coHector of sec- 
ondary battery, a mixture for electrode can be supported firmly on the collector, and electron transfer reaction can be 
caused uniformly at the charging/discharging cycle time. 

10 BACKGROUND ART 

tn recent years, as portable electronic equipment such as video cameras and notebook type computers has widely 
been used, the demand for small high-capacity secondary batteries has increased as power sources therefor. Most of 
the secondary batteries now being used are nickel-cadmium batteries containing alkali electrolyte, the battery voltage 
15 thereof being about 1 .2 V. For this reason, a nickel-hydrogen battery has received attention as a higher-power battery, 
and also a lithium battery has been developed. 

The nickel-hydrogen battery works with hydrogen used as an active material for negative electrode. The negative 
electrode thereof is formed by supporting a hydrogen ocdusion alloy capable of reversibly occluding/discharging hydro- 
gen on the collector, and the positive electrode is formed by similarly supporting, for example, nickel hydroxide, which 
20 is an active material for positive electrode, on the collector. 

For example, when a negative electrode of nickel-hydrogen battery is manufactured, predetermined amounts of 
hydrogen occlusion alloy powder, conductive material powder such as nickel, and binder powder such as polyvinylldene 
fluorkJe are mixed to yield a mixed powder, to which, for example, carboxymethyl cellulose solution is added, by which 
a sluny, which is a mixture for negative electrode, is prepared. A collector such as a punching Ni sheet with a desirable 
25 opening ratio, a Ni foam sheet with a desirable porosity, or a Ni powder sintered body is filled with the slurry The mixture 
is supported on the surface of the collector and in the inside voids thereof in a contacting state by sequentially periorm- 
ing drying, rolling, and heat treatment. 

When a positive electrode is manufactured, predetermined amounts of nickel hydroxide powder, which is an active 
material for positive electrode, and a conductive material such as nickel powder are mixed to yield a mixed powder, to 
30 which, a predetermined amount of, for example, carboxymethyl cellulose solution is added, and the whole mixture is 
agitated into a slurry form, by which a mixture for positive electrode is prepared. Thereafter, a collector such as a Ni 
foam sheet Is filled with the mixture for positive electrode. The mixture for positive electrode Is si|)ported on the collec- 
tor by sequentially drying and rolling it 

Lithium t>atteries are broadly classified into metallic litiiium batteries and lithium ion batteries. 
35 For the metallic lithium battery, the negative electrode is formed of metallic lithium, and tiie positive electrode is 
formed by supporting an active material for positive electrode such as LiCoOa on a collector. For the lithium ion battery, 
the positive electrode is formed in the same manner as described above, but tiie negative electrode is formed by sup- 
porting, for example, cartx)n (C) capable of occluding/discharging lithium fons on a collector. 

In the case of the former battery of the batteries of tiie two types, dendrite recrystalfized lithium is deposited on the 
40 surface of metallic lithium, which is the negative electrode, during charging, and it grows as ttie charging/discharging 
cyde proceeds, so that the battery cycle life is decreased. In the worst case, the grown recrystallized litiiium breaks a 
separator Interposed between the positive and negative electrodes, sometimes causing short circuit. 

Thereupon, regarding the lithium battery, the research and development of a lithium ion battery incorporating a 
negative electrode formed by supporting carbon on the collector is now being carried on. This negative electrode does 
4S not present the problem with metallic lithium negative electrode during the charging/discharging cycle. 

When a positive electrode of lithium battery is manufactured, predetermined amounts of, for example, LiCoOa P^' 
der. which is an active material for positive electrode, for example. C powder, which is a conductive material, and. for 
example, polyvinylldene fluoride, which is a binder, are first mixed to yield a mixed powder, to which a predetermined 
amount of nonaqueous solvent such as N-methytpyrrolidone is added. The whole mixture is mixed tiioroughly. by which 
50 a pasted mixture, which Is a mixture for positive electrode, is prepared. Then, the mixture is applied onto the suriace of 
collector consisting of metal foil or alloy foil such as Ni. Cu and Ti-Al foil made by, for example, rolling. Thereafter, the 
mixture for positive electrode is dried to be put on the collector so as to be in firm contact and integral with the collector. 

When a negative eledrode of lithium ion battery is manufactured, fiber-form, woven dotti-form. or felt-form carbon 
fiber itself is sometimes used as 0. In general, however, predetennined amounts of C powder, tiie aforementioned 
55 binder powder, and nonaqueous solvent are mixed to prepare a pasted mixture for negative electrode, and the mixture 
is applied to tiie collector consisting of a metal foil and pressed on it after being dried. 

An important point for the aforementioned positive and negative electrodes is that the mixture for positive or nega- 
tive electrod (hereinafter called tiie electrode mixture) does not peel off from tiie cdlector when tiie electrode is incor- 
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porated into a battery r at the time of charging/discharging cyde. If the mixture peels ff from the collector, polarization 
begins to increase in the process of charging/discharging cycle, which causes the cyde life characteristics to deaease. 

When a Ni foam sheet is used as a collector as in the case of the hydrogen-nickel battery, the electrode mixture is 
less prone to peel off because it fills the inside of the sheet. 
5 However, the pore diameter of such a foam sheet, which is about 100 ^m, is too large with respect to the whole 
sheet. Therefore, although this pore diameter is preferable from the viewpoint of increased filling amount of electrode 
mixture and useful to prevent the electrode mixture from peeling off. it decreases the mechanical strength of sheet, so 
that the sheet is prone to be broken. Also, the filling of electrode mixture is nonuniform, so that the electron transfer 
reaction in the charging/discharging cycle is prone to be nonuniform. 
10 When a punching metal sheet, in which openings of a predetermined diameter are formed regularly, for example, 
in a zigzag lattice pattern, is used as a collector, the opening diameter is too large with respect to the whole sheet as in 
the case of foam sheet, and in manufacturing, an opening-less sheet must be punched, resulting in an inaease in cost. 

Sometimes, an expanded metal is used as a collector. To manufacture the expanded metal, a nonporous sheet 
must be subjected to special fabrication as in the case of the punching metal sheet, so that the cost of expanded metal 
15 is higher than that of punching metal sheet. 

In the case of the positive or negative electrode for a lithium battery, as described above, a metal foil usually man- 
ufactured by rolling is used as the collector, and paste such as an electrode mixture is simply applied to and pressed 
on the smooth surface thereof, so that peeling occurs easily. 

For an electrode in which an electrode mixture is supported on both surfaces of the collector, it is very difficult to 
20 apply paste to the completely same thickness on both surfaces. The collector used is generally a rolled nonporous foil, 
so that lithium ions cannot migrate from one surface of the collector to the other surface thereof. 

Therefore, during the charging/discharging, it is impossible to completely use the electrode mixture supported on 
lx)th surfaces of the collector. 

An object of the present invention is to provide a method of manufacturing a porous electrolytic metal foil, in which 
25 in mamjfacturing a metal foil by the electrolytic plating method. the.metal foil obtained at the same time when the man- 
ufacture proceeds can t>e made porous. 

Another otsject of the present invention is to provide a method of manu^cturing a porous electrolytic metal foil, in 
which a porous electrolytic metal foil, which is useful as a collector for a secondary battery electrode, is manufactured 
continuously and in large quantities, and therefore at a low cost. 

30 

DISCLOSURE OF THE INVENTION 

To achieve the atx)ve objects, the present invention provides a method of manufacturing a porous electrolytic metal 
foil, comprising the steps of: 

35 

continuously forming a metal thin layer by electrically depositing metal ions on tiie surface of a moving cathode 
body by an electrolytic reaction which is carried out by immersing an anode body and the moving cathode body in 
an electrolyte containing metal ions and by applying electric current to between the anode body arxJ moving cath- 
ode body while the moving cathode txxJy is moved; and 
40 continuously manufacturing an electrolytic metal foil by continuously separating the metal thin layer from the sur- 
face of tiie moving cathode body while tiie moving cattiode body is moved; 
and further comprising the step of: 

can-ying out surface treatment of the exposed surface of the nfx>ving cattiode body exposed after tiie metal thin 
layer is separated by whdiy or partially forming a film consisting of an electrical insulating material on the exposed 
45 surface. 

FIG. 1 is a schematic sectional view showing a typical cross-sectional structure of a porous electrolytic metal foil 
manufactured by the method in accordance with tiie present invention, and FIG. 2 is a schematic sectional view show- 
ing a typical aoss-sectional stixicture of an electrode fbrmed by using tiie metal foil shown in FIG. 1 as a collector and 
50 by supporting an electrode mixture on botii surfaces thereof. 

In these figures, a metal foil 1 is formed with a plurality of open-pores penetrating in the thickness direction from 
one surface 1a thereof to the otiier surface lb. and the metal foil has a porous structure as a whole. 

The eledrode shown in FIG. 2 has an electrode mixture 3 supported on tiie surfaces la and lb of the aforesaid 
metal foil 1 . The electrode mixture 3 is supported in such a manner as to get slightly into the open-pore 2 through an 
55 opening 2a of the open-pore 2. or in such a manner as to get considerat)ty deep into the open-pore 2 when the open- 
pore 2 has a large diameter. Alternatively, tiie electi-ode mixture 3 is supported in such a manner that tiie electi'ode mix- 
tures 3 filled in the open-pore 2 from tK>th surfeces of the metal foil 1 come into contact witii each otiier within the open- 
pore 2. 
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That is. these open-pores 2 offer an anchoring effect to the electrode mixture 3. 

These open-pores 2 are formed randomly, so that not all pores are present as an open-pore penetrating the metal 
foil 1 from the surface la to the surface 1b. and some pores may be closed at an intermediate position. 

For this metal foil 1 , it is preferable that the thickness thereof be usually 8 to 100 iim in order to obtain a foil with a 
5 porous structure, tf the metal foil 1 is too thin, it may be broken in the foil manufacturing process, described later. If it Is 
too thick, the aforesaid open-pores are not formed. 

It is preferable that the diameter of the opening 2a of the open-pore 2 be within the range of 0.1 to 80 though 
changing depending on the thickness of the metal foil 1 . Also. It is preferable that 1 to 500 pores be distributed per unit 
area (1 mnf) on the surface of the metal foil 1. 
10 If the diameter of the open-pore 2 is smaller than 0.1 [im, the electrode mixture 3 does not get into the pore 
smoothly even if the electrode mixture is applied to and pressed on the metal foil 1 . so that the aforementioned anchor- 
ing effect is decreased, resulting In a deaease in contact strength between the electrode mixture 3 and the metal foil 1 . 
If the diameter of the open-pore 2 is larger than 80 ^m. the mechanical strength of the metal foil 1 decreases, so that 
the metal foil 1 is broken, for example, when the metal foil 1 is separated from the surface of the moving cathode body 
IS In the metal foil manufacturing process, described later. 

If the distribution density of these pores on the surfaces la and 1b of the metal foil 1 is lower than 1 poreMim^. the 
contact strength between the electrode mixture 3 and the metal foil 1 decreases, so that the electrode mixture is liable 
to peel off. 

If the distribution density is higher than 500 pores/mm^, though the contact strength between the electrode mixture 
20 3 and the metal foil 1 increases, the metal foil Is too porous as a whole, resulting in a deaease In mechanical strength 
as desaibed above. 

In the electrode manufactiffed by using the metal foil of the present invention as a collector, the electrode mixture 
3 supported on the surfaces la and lb of the metal foil 1 is selected appropriately depending on the battery to be 
formed. 

25 For example, when the Intended electrode is the positive electrode for a nickel-hydrogen battery, the mixture for 
positive electrode, in which nickel hydroxkie powder is used as an active material, is supported on the surfaces of the 
metal foil. When It is the negative electrode, the mixture for negative electrode, whose principal ingredient is hydrogen 
occlusion alloy powder, is supported. 

When the intended electrode is the positive electrode for a lithium battery, the mixture for positive electrode, whose 
30 principal ingredient is an active material such as lithium vanadium pentoxide. lithium manganese oxide, and lithium 
cobalt oxide, is supported on the surfaces of the metal foil. When it is the negative electrode, the mixture for negative 
electrode, whose principal ingredient is a powder consisting of C such as chips or powder of pyrolytic cariaon, ooke, 
graphite. vKreous carbon, resin baked body, activated charcoal, and carbon fiber, is supported. 

The aforementioned metal foil Is manufactured continuously as a porous electrolytic metal foil by operating the 
35 apparatus described below. 

FIG. 3 is a schematic view showing a typical system used when the porous electrolytic metal foil in accordance with 
the present invention is manufectured. FIQ. 4 is a schematic view showing another system. 

In FIG. 3, an electrolyte bath 4 contains an electrolyte 5 containing metal ions which are the raw material for an 
electrolytic metal foil to be manufactured, an anode body 6 is disposed in this electrolyte 5. and a drum catiiode body 
40 7 fadng the anode body 6 is disposed in such a manner that part of the drum cathode body 7 is immersed in the elec- 
trolyte 5. 

The anode body 6 is usually made of lead. For the moving catiiode body 7, 7\ at least ttie surface thereof Is made 
of stainless steel, Ti, Cr, Al, or Cr-Al alloy. 

Elecfrolytic reaction is carried out by applying electric current to between the anode tody 6 and the drum cathode 
45 body 7 while the drum cathode body 7 Is rotated in tiie direction Indicated by arrow p to nxTve the surface thereof sue* 
cessively In the electrolyte 5 and while the electrolyte 5 is supplied continuously from a distributor 9 to a gap 8 between 
the anode body 6 and the drum cathode body 7. 

In tiie system shown in FIG. 4, a belt catiiode body T is used in place of the drum cathode body 7 shown in FIG. 
3. This belt cathode body T is circulated in tiie direction indicated by arrow p, by which the surface thereof Is moved 
so successively in the electrolyte 5. 

In the present invention, tiie aforementioned drum cathode body 7 and belt catiiode body 7' are called a moving 
catiiode body because tiie surface tiiereof on which an electrolytic metal foil is formed moves. 

The metal ions are electrically deposited on tiie surface of tiie drum catiiode body 7 or belt catiiode body 7\ where 
a metal thin layer Is continuously formed so tiiat tiie layer ttiickness increases successively in the moving direction of 
55 the surface of tiie drum cathode body 7 or belt catiiode body 7. This metal tiiln layer is separated from the surface of 
the drum cathode body 7 or belt cathode body 7' at a point wh re ttie surface emerges from ttie electrolyte, and wound 
around a tak -up roll 1 1 as tiie electrolytic metal foil 1 via rolls 10a and 10b. 

In tiie method of the present invention, an exposed surface 7a, Ta. which is exposed on tiie drum cathode body 7 
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or bett cathode body 7' by th s paration of the metal thin layer from the surface of the drum cathode body 7 r belt 
cathode body 7\ Is subjected to surface treatment, described later. 

This surlace treatment is carried out to form a film consisting of an electrical insulating material on the exposed sur- 
face 7a, 7a of the moving cathode body 7, 7. 
5 Specifically, the surface treatment includes. 

a treatment for forming an oxide film with a thickness of at least 1 4 nm on the exposed surface 7a, 7a by applying 
electrolytic oxidation to the exposed surface 7a. 7*a (called a first surface treatment); 

a treatment for making stick an organic substance on the exposed surface 7a, 7'a by spraying the organic sub- 
10 stance onto the exposed surfece 7a. 7* (called a second treatment); and 

a treatment for making stick an organic substance on the exposed surface 7a. 7a by suspending the organic sub- 
stance in the electrolyte (called a third treatment). 

The following is a detailed description of these surface treatments. 

15 First, the first surface treatment will be described. As shown in FIGS. 3 and 4. a oxide film forming apparatus A. 
described later, is mounted on the exposed suriace 7a. 7'a of the moving cathode body 7, 7 from which the metal thin 
layer is separated. By operating this apparatus A. the exposed surfeice 7a. 7'a is electrolytically oxidized in the process 
before the exposed suriace 7a. 7'a is immersed again in the electrolyte 5. so that an oxkie film with a thickness of at 
least 14 nm is formed on the whole surface. 

20 If the aforesaid metal thin layer Is formed on the surface of the drum cathode body 7 or belt cathode body 7 with 
the oxide film formed on the surface, the metal thin layer is made to have a porous structure having open-pores. When 
the electrdytk; metal foil is formed by separating the metal thin layer from the moving cathode body such as the doim 
cathode body 7 or belt cathode body 7, both of the surface (S surface) on the moving cathode body side and the oppo- 
site surface (M surface) become rough. Moreover, the opposite surface becomes rougher than the suriace on the mov- 

25 ing cathode body side. 

At this time, if the formed oxide film is made thinner than 14 nm, the metal thin layer formed on the oxide film is dif- 
ficult to have a proper porous structure having the afbresaki open-pores and the distribution density thereof. This 
decreases the performance of metal foil as a collector on which the electrode mixture as described above is supported 
with a high contact strength. 

30 However, if the oxide film is made too thick, the metal thin layer formed on the oxide film becomes excessively 
porous, by which the mechanical strength thereof is decreased, so that a trouble such that the metal thin layer is broken 
when It Is separated from the moving cathode body occurs frequently. Therefore. It Is preferable that the thickness of 
the oxide film be not greater than 100 nm. 

The apparatus A for forming the oxWe film, which functions in the above-described manner, on the exposed surface 

35 of the moving cathode body includes holding means for holding an electrolytic treatment liquid for electrolytic oxidation 
so that the treatment liquid is in contact with the exposed suriace of the moving cathode body; a counter electrode body 
disposed in the holding means so as to oppose to the exposed surface of the moving cathode body; and supply means 
for supplying the electrolytic treatment liquid to the holding means. 

This apparatus A anodizes the exposed surface by applying electric current to between the moving cathode and 

40 the counter electrode body with the electrolytic treatment liquid supplied continuously from the supply means to the 
holding means and with the electrolytic treatment liquid in contact with the exposed suriiace of the moving cathode fc>ody 
while the metal tiiin layer is formed on the suriace of the moving cathode body by applying electric current to between 
the anode body and the moving cathode body to continue electrolytic plating, witiiout stopping the operation of the mov- 
ing cathode body. 

45 At this time, the operation is performed so that the operation potential is lower in the order of the anode body, mov- 
ing cathode body, and counter electrode body. This is because if the operation potential does not establish the ak)ove 
relationship, the exposed suriace of the moving cathode body is not electrolytically oxidized, so that tiie oxkie film is not 
formed there. 

The oxide film may be formed continuously or intermittently using the apparatus A. 

50 When the metal thin layer formed by electric deposition is separated from tiie surface of the moving cathode body, 
part of the oxide film is removed to the metal tiiin layer side at tiie same time, so tiiat the thickness of the oxide film is 
decreased gradually by the repetition of electric deposition and separation. Therefore, the metal tiiin layer fbrnied on 
the oxide film does not become to have the proper porous structure as described above. To compensate the decreased 
thickness, the oxide film must be formed continuously or intermittentiy. 

55 To operate tiie apparatus A, the constant current method or constant voltage method can be used. Of these two 
methods, tiie constant voltage method is preferable because tiie part of oxide film renx^ved from the surface of the mov- 
ing cathode body can be compensated automatically and instantiy, and the thickness of tiie oxide film can be prevented 
from increasing up to tiie unnecessary tiiickness. 
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An example of th apparatus A will be d scribed with referenc to th drawing. 

FIG. 5 is a partially cutaway perspective view showing a state in which an apparatus A^ is niounted on the exposed 
surface 7a of the drum cathode body 7. 

This apparatus A^ . having a shaft 12 for nwunting the apparatus at the center, comprises a conductive roll 13 func- 

5 tioning as a counter electrode body opposing to the drum cathode body 7 in electrolytic oxidation, electrolytic treatment 
liquid holding means 14 disposed around the conductive roll 13. and a pipe which is electrolytic treatment liquid supply 
means 1 5 for supplying electrolytic treatment liquid 1 5a used for electrolytic oxidation to the electrolytic treatment liquid 
holding means 14. By rotatably supporting the shaft 12 by not-illustrated means with the electrolytic treatment liquid 
holding means 14 in contact with the exposed surface 7a of the drum cathode body 7 indicated by an imaginary tine. 

10 the whole of tiie apparatus A^ Is mounted on the exposed surfece 7a of tiie drum cathode body 7 as shown In FIQ. 3. 
The conductive roll 1 3 may be a roll the whole of which is made of a corrosion-resistant material such as titanium, 
nickel, chromium, copper, and stainless steel or a roll in which the surface of the above material is coated with a material 
having electric conductivity and resistance to con-osion caused by tiie electrolytic treatment liquid 15a used to form ttie 
oxide film, such as silver, silver alloy, gold, gold alloy, palladium, and palladium alloy. Also, the surface of a roll made of 

IS a non-conductive plastic material such as polypropylene or polyvinyl chloride may be covered witii foil. wire, or mesh of 
a material having electric conductivity and corrosion resistance. Alternatively, a material having electric conductivity and 
con-osion resistance may be plated, thermally sprayed, or applied to the surface of ttie afbrementioned roll. To sum up. 
a roll at least the surface of which has electric conductivity and conrosion resistance is used as a counter electrode body 
for electrolytic oxidation on the surface of tiie drum cathode body 

20 The electrolytic treatment liquid holding means 14 sun'ounding the conductive roll (counter electrode body) 13 has 
a proper elasticity as well as permeability. The electrolytic treatment liquid holding means 14 is formed by covering the 
outer periphery of the conductive roll 1 3 witii a material having resistance to conrosion caused by the electrolytic treat- 
ment liquid used, such as felt, nonwoven fabric doth, or split yarn of polyuretiiane. polyvinyl formal, or polyester. 
Above tiie electrolytic treatment liquid holding means 14. tiie pipe 15 formed with a plurality of openings 15b In the 

25 axial direction of the electrolytic ti-eatment liquid holding means 14 is disposed as electrolytic treatment liquid supply 
means, and the predetermined electrolytic treatment liquid 15a is supplied to tiie pipe 15 by means of a pump 15c. The 
supplied electrolytic treatment liquid 15a is not sut)ject to any special restriction, and a liquid which does not have an 
adverse effect on the manufacture of metal thin layer even if being mixed with the electrolyte used for the manufacture 
of metal tiiin layer is used. For example, a liquid which is the same as the electrolyte used at present to make metal 

$0 electrically deposit on tiie surface of tiie drum cathode body, or a liquid which has the same components as ttiose of 
the electrolyte but a different ratio of components can be used. 

As ttie electrolyte, for example, copper sulfate solution is used in manufacturing electrolytic copper foil, and nickel 
sulfate solution or nickel sutfamate solution is used in manufacturing electrolytic nickel foil. Also, in manufacturing elec- 
trolytic aluminum foil, AICl3-IJAIH4-teti'ahydrofuran bath and NaF • 2AI(C2H50)3 • 4 toluene bath, which are disclosed 

3S in Japanese Patent Publication No. 48-4460, and the like can be used. 

As the electrolytic treatment liquid 1 5a. a liquid which does not contain ions of metal deposited on tiie drum cathode 
body 7 can also be used. Such electrolytic treatment solutions Include an acidic solution such as sulfuric add solution, 
phosphoric add solution, and hydrochloric acid solution and a neutral solution in which sodium sulfate, potassium sul- 
fote, sodium hydrochloride, potassium hydrochloride, etc. are dissolved. Among these, sulfuric add solution is prefera- 

40 biy used in manufacturing electrolytic copper foil by using copper sulfate electrolyte. 

The supply means for the electrolytic treatment liquid 15a is not limited to the above-mentioned pipe-form means. 
For example, tiie conductive roll 13 is made hollow, many openings are formed on tiie peripheral surface thereof, and 
the electrolytic treatment liquid 15a is supplied to tiie hollow portion of tiie conductive roll 13. by which tiie electrolytic 
treatment liquid 15a may be supplied to the electrolytic treatment liquid hokiing means 14 from the inside thereof 

45 through tiie openings on tiie peripheral sur^ce of tiie conductive roll 13. 

When the apparatus A^ is used, the oxide film is formed on the exposed suriace 7a of tiie drum catiiode body 7 in 
the following manner. 

First, the electrolytic treatment tiquki holding means 14 of the apparatus At is elastically brought into contact with 
the exposed surface 7a of the drum cathode body 7 rotating in the direction irtiicated by arrow p. Thereupon, tiie elec- 
so trolytic treatment liquid holding means 14 rotates automatically in ttie direction indicated by arrow r in FIG. 5. With this 
state being kept, a predetermined electrolytic treatment liquid 15a is supplied to tiie pipe (electrolytic treatment liquid 
supply means) 15. 

The electrolytic treatment liquid 15a drips onto the elecb-dytic treatment lk;|uid holding means 14 from tiie openings 
15b, permeates into ttie electrdytic ti'eatment liquid holding means 14. and is kept therein. As a result ttie conductive 
55 roll (counter electrode body for electrolytic oxidation) 13 and the exposed surface 7a of ttie drum cathode body 7 
becomes conductive via the electrolytic treatment liquid 1 5a. 

Then, terminals 13a, 13a attached to tiie conductive roll 1 3 are connected to the minus side of a power supply (not 
shown), and the exposed surface 7a of tiie drum cathode body 7 is connected to the plus skie of tiie power supply so 
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that an electrolytic current flows betw en th concbictlve roll 13 and the exposed surface 7a off the drum cathode kxxfy 
7. whereby the exposed surface is anodlzed. At this time, the conductive roll (counter electrode body) 1 3 Is operated so 
that the potential becomes to be lower than the potential of the drum cathode body in the electrolytic bath on which sur- 
face is formed a metal thin layer, and at the same time, the potential of the anode body positioned in the electrolytic bath 

5 is made higher than that of the drum cathode body. If the potential of the drum cathode body is higher than that of the 
anode body, there occurs a trouble such that metal is not electrically deposited n the surface of the drum cathode body, 
or a trouble such that if electric current is applied so that the potential of the conductive roll is higher than that of the 
drum cathode body, the conductive roll 13 is made the plus electrode, and the exposed surface 7a of the dnjm cathode 
body 7 is made the minus electrode, so that the exposed surface 7a of the drum cathode body 7 is not electrolytically 

w oxidized. 

By properly selecting the rotational speed of the drum cathode body 7, the operation potential of the conductive roll 
(counter electrode body), and the like, an oxide film with a desirable thickness is formed on the exposed surface 7a. 

In this apparatus A^, it is preferable that the width of the electrolytic treatment liquid holding means 14 is smaller 
than that of the drum cathode body 7 so that both side portions 7b. 7b on the exposed surface 7a of the drum cathode 
IS body 7 are not electrolytically oxidized. 

The reason for this is as follows: The metal thin layer directly formed at these portions 7b. 7b has a higher mechan- 
ical strength than the porous metal thin layer formed on the oxide film produced by the apparatus A-i. TTierefbre, when 
the metal thin layer is separated from the drum cathode body, a trouble of breaking of the metal thin layer in the process 
of separation can be prevented by starting the separation from the portion of metal thin layer formed at the portions 7b. 
20 7b. 

FIG. 6 is a partially cutaway perspective view showing a state in which anotiier apparatus A2 is mounted on ttie 
exposed surface 7a of the drum catiiode body 7. 

In the case of this apparatus A2, the electrolytic treatment liquid holding means 16 is a tx>x-shaped vessel whose 
one face is open, and this opening 1 6a is disposed in liquid-tight slidable contact with or dose to the exposed surface 
25 7a of ttie drum catiiode body 7. Therefore, the portions of sides 1 6b. 1 6b of the vessel 1 6, which are in slidable contact 
witii or close to tiie exposed surface 7a of tiie drum cathode body 7. are curved so as to match the cun^ture of tiie 
exposed surface 7a of the drum cathode body 7. 

The width of tiie vessel 1 6 is smaller tiian tiiat of the drum catiiode body 7 for tiie same reason as tiiat in tiie case 
of tiie electrolytic ti-eatment liquid holding means 14 for the apparatus A^, so that botii side portions 7b. 7b of the 
30 exposed surface 7a of the drum catiiode body 7 are not electrolytically oxidized. 

It is preferable that the vessel 16 be made of a material which is resistant to corrosion caused by the electrolytic 
treatment liqiod used, such as polyvinyl chloride and polypropylene. 

In tiie case where the vessel 16 is disposed so as to be in slidable contact with tiie exposed surface 7a of ttie drum 
catiiode body 7, it is preferable that tiie vessel 16 be made of a material having wear-resistance, lubricity, and elasticity, 
35 such as polyethylene, polyester, polyurethane, and silicone rubber. In tiiis vessel 16, a counter electrode body 17 for 
electrolytic oxidation, which is made of. for example, titanium or stainless steel, is disposed. This counter electrode body 
1 7 faces tiie exposed surface 7a of tiie drum catiiode body 7 exposed to tiie interior of the vessel 16 through tiie open- 
ing 16a of the vessel 16. 

A supply pipe 1 8a for electrolytic treatment liquid is attached to tiie side wall of the vessel 1 6. and a discharge pipe 
40 18b for electrolytic treatment liquid is attached to the top wall thereof, these pipes constituting electrolytic treatment liq- 
uid supply mean 18. The electi'olytic ti-eatment liquid used to form an oxide film is supplied into tiie vessel 16 tiirough . 
the supply pipe 18a to fill tiie vessel 16, covers tiie exposed surface 7a of the drum cathode i3ody 7, and flows out of 
the system through tiie discharge pipe 1 8b. 

Electric current is applied to between the counter electrode body 17 and the drum catiiode body 7 while allowing 
45 the electrolytic f eatment liquid to flow in tiie vessel 16, by which tiie exposed surface 7a of tiie drum cathode body 
which is exposed to tiie interior of tiie vessel 16 through tiie opening 1 6a can be electi'olytically oxidized. 

K tiie vessel 16 is mounted so that some clearance is formed between the opening 16a of the vessel 16 and tiie 
exposed surface 7a of the drum catiiode body 7, part of tiie supplied electrolytic treatment liquid flows out along tiie 
exposed surface 7a of the drum cathode body 7 through ttie clearance, so that an elecb-olytic treatment liquid film with 
50 a uniform thickness is formed on the exposed surface 7a of the drum catiiode body which is exposed to the interior of 
the vessel 16 through the opening 16a, by which tiie forming condition of oxide film is preferably stabilized. 

For tiie electi-olytic f eatment liquid supplied into the vessel 16. ttie electrolyte used for manufacturing a m^l thin 
layer is usually used as it is by being pumped up. 

FIG. 7 and FIG. 8. which is a sectional view taken along ttie line Vlll-Vlll of FIG. 7, are views showing a state in 
55 which another apparatus A3 is mounted on the exposed surface of the drum cathode body. 

This apparatus A3 has electrolytic ti^eatment liquid holding means consisting of a trough-shaped vessel 19. For this 
trough-shaped vessel 1 9. the upper part is open, and both of the ends 1 9a, 1 9a in the lengthwise direction are sealed. 
One end 19a is provided with a supply pipe 20 for electrolytic treatment liquid, constituting electi-olytic tireatinent liquid 
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supply means. On sid 1 9b of the trough-shaped vessel 1 9 is lower In height than the other side 1 9c. 

The length of the trough-shaped vessel 19 Is shorter than the width of the drum cathode body 7 for the same rea* 
son as that in the case of the electrolytic treatment holding means 15 of the apparatus so that both side portions 7b. 
7b of the exposed surface 7a of the drum cathode body 7 are not electrolytically oxidized. 

s The trough-shaped vessel 1 9 rs mounted so that the lengthwise direction thereof agrees with the width direction of 
the drum cathode body 7, and the one side 19b Is dose to the exposed surfece 7a of the drum cathode body so as to 
form some clearance between the side 1 9b and the exposed surface 7a of the drum cathode body. 

A counter electrode body 1 7 is disposed on the other side 1 9c of the trough-shaped vessel 1 9. and a metal powder 
removing filter 21 is interposed between the counter electrode body 1 7 and the exposed surface 7a of the drum cathode 

10 body. As a result the interior of the trough-shaped vessel 19 is divided into a space 19d where the counter electrode 
body 1 7 Is disposed and a space 19e positioned on the side of the exposed surface 7a of the drum cathode body. 

The metal powder removing filter 21 prevents metal powder from depositing on the exposed surface 7a of the drum 
cathode body 7. the metal powder being deposited on the exposed surface 7a of the drum cathode body 7 by a process 
in which the metal contained in the electrolytic treatment liquid is electrically deposited abnormally as metal powder on 

IS the surface of the counter electrode body 17 in the electrolytic treatment, and the metal powder is removed from the 
counter electrode body by the flow of electrolytic treatment liquid. 

The electrolytic treatment liquid supplied to the trough-shaped vessel 19 through the supply pipe 20 overflows over 
the side 19b after filling the trough-shaped vessel 19. and flows down along the exposed surface 7a of the drum cath- 
ode body rotating in the direction indicated by an-ow p. In this process, therefore, an electrolytic treatment liquid film with 

20 a uniform thickness is continuously formed on the exposed surface 7a of the drum cathode body. 

For the electrolytic treatment liquid, the electrolyte used for manu^cturing a metal thin layer may be used as it is. 
Alternatively, electrolytic treatment liquid supply pipes connecting with the spaces 19d and 19e formed in the trough- 
shaped vessel 19 may be disposed separately so that, for example, the electrolyte used for manufacturing a metal thin 
layer is supplied to the space 1 9d and an electrolyte with a different composition or containing no metal ions is supplied 

25 to the spade 19e. 

The cross-sectional shape of the trough-shaped vessel 1 9 is not limited to a triangular one as shown in FIGS. 7 and 
8. The shape may be a polygon such as quadrangle and hexagon or a semicircie. In effect, the trough-shaped vessel 
19 may be shaped so that the electrolytic treatment liquid filling the vessel 1 9 overflows over the side 19b so that a liquid 
film can be formed on the exposed surface 7a of the drum cathode body. 
30 FIG. 9 and FIG. 1 0. which is a sectional view taken along the line X-X of FIG. 9. are views showing a state in which 
still another apparatus A4 is mounted on the exposed surface of the drum cathode k>ody. 

This apparatus A4 has electrolytic treatment liquid holding means 22 consisting of an elongated closed vessel of a 
convex lens shape in cross section. 

Specifically, an attaching portion 22b of a counter electrode body 1 7 for electrolytic oxidation is mounted at the back 
35 of a curved plate 22a in a liquid tight manner, both ends 22C, 22C in the lengthwise direction are sealed, a supply pipe 
23 for electrolytic treatment liquid is attached to a sut)stantially central position of vessel, and electrolytic treatment liq- 
uid spraying means 22d is fbrmed at the tip end of the curved plate 22a, by which the electrolytic treatment liquid supply 
means for supplying electrolytic treatment liquid onto the exposed surface 7a of the drum cathode body 7 is formed. 
The spraying means 22d may consist of. for example, a plurality of holes formed along the lengthwise direction of the 
40 curved plate 22a or a slit with a predetermined width formed in the lengthwise direction of the curved plate 22a. 

The length of the closed vessel 22 Is shorter than the width of the drum cathode body 7 for the same reason as that 
in the case of the electrolytic treatment holding means 1 5 of the apparatus A^ so that both side portions 7b, 7b of the 
exposed surface 7a of the drum cathode body 7 are not electrolytically oxidized. 

The whole vessel is so configured that the counter electrode body 1 7 is disposed at the attaching portion 22b, tiie 
45 lengthwise direction of the vessel agrees with the width direction of tiie drum catiiode body 7, and spraying means 22d 
formed in the curved plate 22a is disposed so as to face the exposed surface 7a of the drum cathode body 7 with a pre- 
determined gap. 

The electrolytic treatment liquid fed into the vessel 22 through the supply pipe 23 by pumping etc. is sprayed from 
the spraying means 22d after filling the vessel 22 to hit the exposed surface 7a of the drum cathode body 7 rotating in 
so the direction indicated by arrow p, and flows down along the exposed surface 7a, whereby a liquki film with a uniform 
thickness is formed. 

As tiie electrolytic treatment liquid, tiie electrolyte used for manufacturing a metal tfiin layer may be used, and if 
necessary, another electrolyte such as dilute sulfuric add solution may be used. 

While this state is maintained, a predetermined voltage is applied to between an anode of the drum cathode body 
55 7 and a catiiode of ttie counter electrode body 1 7. by which tiie exposed surface 7a of the drum catiiode body is elec- 
trolytically oxidized. Since the drum cathode body 7 is rotated in the direction indicated by arrow p in the figures, an 
oxide film is formed continuously or intermittentiy on the exposed surface 7a. 

Although in tills apparatus A4, the surface opposing to the exposed surface 7a of the drum catiiode body is cun^ed. 
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th shape is not limited t this one, and any shape such that the electrolytic treatment liquid filling the vessel interior can 
be sprayed toward the exposed surlace 7a off the drum cathode body may be used. Also, means for uniformly distribut- 
ing the lectrolytic treatment liquid, for example, means in which uniform small holes are formed In a pipe and the elec- 
trolytic treatment liquid supplied to this pipe is sprayed from these small holes may be provided within the vessel 22. 

5 Further, the supply pipe 23 is not necessarily attached to the central position of the apparatus A4, but may be attached 
to any position wher the electrolytic treatment liquid can be sprayed unrfbrmly from the spraying means 22d. 

Also, a metal powder removing filter may be provided between the counter electrode body 17 and the spraying 
means 22d as in the case of the apparatus A3 so as to prevent the metal powder electrically deposited on the counter 
electrode body from flowing out onto the exposed surface 7a of the drum cathode body 7. 

10 This apparatus A4 achieves an effect that when the electrolyte fbr manufacturing a metal thin layer, which has a rel- 
atively high metal concentration, Is used as the electrolytic treatment liquid, the amount of electrolyte used can be 
decreased by making the spray opening of the spraying means 22d smallest possible, and the deposition of metal salt 
in the electrolytic treatment liquid used can be inhibited to the utmost by decreasing the amount of scattered electrolyte. 
For example, when an electrolytic copper foil is manufactured by using copper sulfate electrolyte, copper sulfate 

15 solution having a relatively high copper concentration is used as an electrolyte. When this electrolyte is used as an elec- 
trolytic treatment liquid for forming an oxide film, copper sulfate crystals are produced if the teniperature is low. arnJ stick 
to the apparatus and the electrolytic copper foil, thereby inhibiting the smooth operation of the apparatus. In the appa- 
ratus A4 shown in FIGS. 9 and 10, this trouble can be eliminated easily by merely changing the shape of the spraying 
means 22d and the distance from the spraying means 22d to the exposed surface 7a of the drum cathode body. 

20 Next, a second surface treatment will be described. 

In this treatment, by spraying an organic substance onto the exposed surface of moving cathode body, the exposed 
surface is partially covered with a film fbnried by the organic substance sticking onto the exposed surface in a speck 
form. 

Specifically, a resin liquid of any kind is sprayed onto the exposed surface of moving catiiode body, and tiien the 
25 resin is cured. The sprayed resin liquid turns to minute liquid drops and sticks onto the exposed surface of moving cath- 
ode body in a speck form, and is cured on the exposed surfaca As a result, a film consisting of hardened particles of 
the liquid drops is fbrmed on tiie exposed surface of moving cathode body. 

The film formed at tills time is not a dense resin film of tiie resin constituting tiie resin liquid used, but is formed by 
the hardened particles of the resin sticking discontinuously onto tiie exposed surface of moving catiiode kxxJy. 
30 Therefore, when electric current is applied to between the moving cathode body and tiie anode body to carry out 
_ electrolytic reaction, electric deposition is inhibited at the portions of the hardened particles, so that the metal tiiin layer 
fbrmed on this film becomes porous. 

The organic substance used fbr forming this film is not subject to any special restriction, and may be any organic 
substance which is electrically insulating and capable of being sprayed. A resin liquid in which a resin such as polyester, 
35 epoxy resin, pdyamtde, and polyurethane is dissolved in an appropriate solvent can be used. 

Also, by appropriately selecting the spraying conditions such as spraying pressure, diameter of nozzle used for 
spraying, and discharge amount of resin liquid, tiie size and distribution density of the hardened particles are changed, 
whereby the porosity of this film, and in turn, the porosity of metal tiiin layer formed on the film can be regulated. 
In a third surface treatment an organic substance is suspended in the electrolyte. 
40 In tiie apparatuses showvn in FIGS. 3 and 4, the anode body 6 is usually formed of a material insoluble in electrolyte, 
such as lead, so tiiat a large quantity of oxygen gas is generated from the surface of the anode body 6 when electric 
current is applied, and heavily agitates tiie electrolyte flowing between the anode body 6 and the moving cathode body 
7. T. Therefore, if an organic substance is added to the electrolyte in the course of electrolytic plating, the organic sub- 
stance Is dispersed and suspended in a particulate fbrm in the electrolyte being agitated. 
45 The organic substance used in this treatment may be any organic substance which is electrically insulating, insol- 
uble in electrolyte, and suspended in a particulate state in electrolyte. For example, various machine oils or insulating 
oils are used. 

In this treatment, when the moving cathode body is moved and immersed in the electrolyte, the aforesaid organic 
substance, which is dispersed and suspended In a particulate state in the electrolyte, sticks onto tiie exposed surface. 
50 As a result, particulates of organic substance are formed in a row on tiie exposed surface of moving cathode body, so 
that a microscopically porous film is formed. 

Since electric cun^ent is applied to between the moving catiiode body and the anode body in this process, the metal 
thin layer formed on this film also becomes porous for the same reason as desaibed regarding the second surface 
treatment. 

55 At this time, by appropriately selecting the kind of the suspended organic substance, suspension concentration, 
and the like, tiie porosity of fDm, and in turn, tiie porosity of metal tiiin layer formed on tiie film can be regulated. 

On the surface of metal foil ttius manufactured, a preservative film may be fbrmed. if necessary, for actual use by 
using an organic presenmtive such as benzotriazole or an inorganic preservative such as chromate treatment liquid. 
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Also, if. for example, a silane coupling agent is applied nto th surfece off manufeictured metal foil, the contact 
strength between the electrode mixture and the metal foil can be enhanced when the electrode mixture is supported on 
the surlace of metal foil. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing a typical cross-sectional structure of a metal foil manufactured by a method In 
accordance with the present invention; 

FIG. 2 is a sectional view of a typical electrode with a collector using a metal foil manufactured by a method in 
10 accordance with the present Inventfon; 

FIG. 3 Is a schematic view showing a manufacturing system for an electrolytic metal foil; 
FIG. 4 is a schematic view showing another manufacturing system; 

FIG. 5 is a partially cutaway perspective view showing a state in which an apparatus Ai used for forming an oxide 
film is mounted on the exposed surface of a drum cathode body; 
IS FIG. 6 Is a partially cutaway perspective view showing a state In which an apparatus used for forming an oxide 
film is mounted on the exposed surface of a drum catiiode body; 

FIG. 7 is a partially cutaway perspective view showing a state In which an apparatus A3 used for forming an oxide 
film is mounted on the exposed surface of a drum cathode body; 
FIG. 8 is a sectional view taken along the line Vlll-Vlll of FIG. 7; 
20 FIG. 9 is a partially cutaway perspective view showing a state in which an apparatus A4 used for forming an oxide 
film is mounted on the exposed surface of a drum cathode body; and 
FIG. 1 0 is a sectional view taken along the line X-X of FIG. 9. 

BEST MODE OF CARRYING OUT THE INVENTION 

25 

Working examples 1 and 2. comparative examples 1 and 2 1) Manufacture of metal foil 

In the system shown in FIG. 3, the drum cathode body 7 was made of titanium, and the apparatus A4 shown in 
FIGS. 9 and 1 0 was mounted on the surface of the drum cathode body 7. 

30 The electrolyte 5 witii a copper Ion concertration of 100 g/Ilter, a sulfuric ackJ concentration of 100 g/lrter, and a 
batii temperature of 60°C was supplied into the electrolytic bath 4. While tiie drum cathode body 7 was rotated, an elec- 
tric cunrent with a current density of 60 A/dm^ was applied to between the drum cathode body 7 and the anode body 6 
to continuously form a copper tiiin layer on tiie surface of the drum cathode body 7. By separating tiie copper tiiin layer 
from the surface of the drum cathode txxiy 7, the electrolytic copper foil 1 was manufactured continuously. 

35 While tiie manufacture of the electrolytic copper foil 1 was continued, tiie aforesaid electrolyte was supplied into the 
closed vessel 22 through the supply pipe 23 of the apparatus A4. and sprayed onto the exposed surface 7a of the drum 
cathode body 7 rotating in the direction indicated by arrow p from the spraying means 22d while the voltage between 
the drum catiiode body 7 and the counter electrode body (made of titanium) 1 7 was kept at a constant value of 50 V. 
A titanium oxkle film with a thickness of 70 nm was formed continuously on tiie exposed surface 7a of the drum 

40 cathode body 7, 

Copper was electrically deposited on this titanium oxide film to form a copper thin layer. By continuously separating 
the copper thin layer from the drum cathode body 7, the electrolytic copper foil 1 was obtained. 

Then, tiie obtained electrolytic copper foil 1 was subjected to surface roughening with a cun-ent density of 30 AAdm^ 
by using an electrolyte witii a copper ton concentration of 20 g/liter, a sulfuric acid concentration of 40 g/liter, and a bath 
45 temperature of SO^'C. 

For the electrolytic copper foil after surface roughening, the average thickness was 50 ^m, and the surface rough- 
nesses (Rz) of the separation surface (S surface) from the drum catiiode body and tiie opposite surface (M surfoce) 
were 5 ^m and 1 1 \isr\, respectively. 

Also, in tiiis electrolytic copper foil, open-pores communicating in the thickness direction were found. The diameter 
50 Of the open-pore was 0.1 to 3 ^m, and the distribution density tiiereof was 100 to 200 pores/him?. 

2) Manufacture of electrode 

Ten parts by weight of polyvinylidene fluoride powder was n^xed with 100 parts by weight of KETJEN BLACK 
55 EC(cartx)n black manufactured by AKZO CO., LTD.. specific surface area: 950 m^/g, average grain size: 0.03 \xm), and 
30 parts by weight of N-metiiytpyn^olldone was added to the resultant mixed powder to prepare paste of active material 
mixture. . 

This paste was applied to both of tiie surfaces of the aforesaki electi'olytic copp r foil, dried, and press-fomied at a 
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pressure of 2000 kg/cm^ to manufacture a working example electrode 1 of 1 00 ^m thick, 1 0 mm wide, and 20 mm long. 
The amount of active material mixture supported on this electrode was 20 mg. 

A working example electrode 2 was manufactured in the same way as in the case of the working example electrode 
1 except that the electrolytic copper foil was manufactured while forming a titanium oxide film of 14 nm thick on the 
5 exposed surface 7a of the drum cathode body 7 by applying a constant voltage of 1 0 V to between the counter electrode 
body 1 7 and the drum cathode body 7 when the oxide film was formed. 

For the electrolytic copper foil used for this working example electrode 2, the average thickness was 50 iim, the Rz 
of S surface was 2 ^m. the Rz of M surface was 10 ^m. the cfiameter of open-pore was 0.1 to 3 pm, and the distribution 
density thereof was 20 to 40 pores/mm^. 
10 For comparison, a rolled copper foil of 50 iim thick was prepared, and 20 mg of an active material mixture was put 
on both of the surfeces thereof in the same way as desaibed above to manufacture a comparative example electrode 1 . 

Also, both of the surfaces of the aforesaid rolled copper foil were roughened to about Rz 2 to 5 ^m with #800 emery 
paper, and 20 mg of an active material mixture was put thereon in the same way as in the working examples to manu- 
facture a comparative example electrode 2, 

15 

3) Cycle life of electrode 

An electrolyte formed by dissolving lithium perchlorate of 1 M in propylene cartxjnate of 1 kg was prepared. Each 
of the aforesaid electrodes was disposed in this electrolyte as a negative electrode, and metallic lithium foils were dis- 

20 posed as a counter electrode and a reference electi-ode. by which four kinds of three-electrode cells were assembled. 
Then a charging/discharging cycle test was made. In one cycle of this test, a constant current of 1.2 mA was 
applied to the aforesaid tiiree-electrode cell to perform charging until the voltage reached 0 V witii respect to the poten- 
tial of tiie reference electrode, the current application was halted for 20 minutes, and then discharging was performed 
with a constant current of 1 .2 mA until the voltage reached 1.5 V with respect to the potential of the reference elecfrode. 

25 For each three-electi^ode cell, tiie discharge capacity at the 20th cycle in the charging/discharging cycle test was 
compared with the discharge capacity at the 1st cycle, and the ratio (%) of the former to the latter was calculated. The 
result is given in Table 1. 



Table 1 





Ratio of discharge capacity in 
charging/discharging cycle 
test (%: 20th cyde/lst cyde) 


Working example electrode 1 


97 or higher 


Working example electrode 2 


About 80 


Comparative example electrode 1 


About 40 


Comparative example electrode 2 


About 70 



As is apparent from the above result the discharge capacity of the working exanple electrode is less prone to 
decrease in the process of charging/discharging cycle, so that the waking exarrple electrodes have excellent cycle life 
characteristics. 

45 The reason fa this is that because the collector (electrolytic copper foil) has a porous structure of tiie aforesaid 
specification, the contact strength between the collector and tiie active material mixture supported on the collector is 
high, so that tiie active material mixture is effectively prevented from peeling off in the process of the charging/discharg- 
ing cycle test. Also, the reason for this is thought to be that because the electrolytic copper foil is porous and open-paes 
penetrate the foil In the thickness direction, lithium Ions pass tiirough the open-pores between tiie active material mix- 
so tures supported on the surfaces, so that a uniform electron tfansfer reaction proceeds. 

Working example 3 

The apparatus A3 shown in FIGS. 7 and 8 was mounted on the exposed surface of a titanium-made drum cathode 
55 body An electrolytic copper foil was manufactured while a 35 nm tiiick titanium oxkJe film was fonned on the exposed 
surface 7a of the drum catiiode body 7 by applying a constant voltage of 25 V to between the counter electrode body 
1 7 and th drum cathode body 7. The resultant electrolytic copper foil was subjected to surfac roughening under the 
same conditions as in the case of the working example electrode 1 . 
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The obtained electroiytic copper foil had a porous structure in which the average thidoiess was 25 pm. the Rz f S 
surface was 2 ^m. the Rz of M surfece was 9 ^m. the diameter of open-pore was 0.1 to 3 ^m, and the distribution den- 
sity thereof was 150 to 250 pores/mm^. 

A collector with an average thickness of 50 whose surface consisted of the M surface was formed by lapping 
5 the electrolytic copper foil over another with their S surfaces being brought Into contact with each other, and an active 
material mixture was put on the M surfaces in the same way as in the case of the working example electrode 1 . by which 
a working example electrode 3 was manufactured. 

This electrode was subjected to tiie same charging/discharging cycle test as in the case of the working example 
electrode 1. 

70 This electrode showed a value of 98% or higher of the ratio of discharge capadty at the 20tti cyde to discharge 
capadty at the 1st cycle, exhibiting excellent cyde life characteristics. 

Wbrking example 4 

IS The apparatus shown in FIG. 5 was mounted on the exposed surface of a UtaniumHTiade drum catiiode body. 
An electrolytic copper foil was manufactured while a 70 nm tiiick titanium oxide film was formed on the exposed surface 
7a of tiie drum cathode body 7 by applying a constant voltage of 50 V to between tiie conductive roll 1 3 and the drum 
catiiode body 7. 

The obtained electrolytic copper foil had a porous structure in which tiie average thickness was 20 tiie Rz of S 
20 surface was 2 ^m. the Rz of M surface was 6 \im, the diameter of open-pore was 0.1 to 3 ^m, and tiie distribution den- 
sity tiiereof was 350 to 450 pores/mm^. 

After an active material mixture was put on the M surges and S surface of this electrolytic copper foil in such a man- 
ner tiiat tiie ratio of amount of mixture supported on the M surface to that on the S surface is 9:1 , the electrolytic copper 
foil was lapped over anotiier with their S surface sides being brought into contact witti each other in the same way as in 
25 the case of ttie working example electrode 3, and the lapped foils were dried and press-fbrmed at a pressure of 2000 
kg/cm^. by which a working example electrode 4 was manufactured. 

This electi-ode was subjected to tiie same charging/discharging cycle test as in ttie case of the working example 
electrode 1. 

This electrode showed a value of 99% or higher of the ratio of discharge capadty at the 20th cyde to discharge 
30 capadty at ttie 1 st cycle, exhibiting excellent cycle life characteristics. 

Working example 5 

Commercially available lithium carbonate (IJ2CO3) and basic cobalt carbonate {2C0CO3 • 3Co(OH)2) were 
35 weighed so that the molar ratio of Li/CO is 1 : 1 , and wet-blended using ethanol witti a zirconia-made ball mill. Thereafter, 
ttie blended material was heat-treated at a temperature of 900*^0 for two hours to synttiesize IJC0O2. 

This IJC0O2 was ground into powder witii an average grain size of 16 pm with the ball mill, and 6 parts by weight 
of graphite powder witii an average grain size of 0.1 ^m was blended wKh 100 parts by weight of tfiis powder. Furttier. 
3.5 parts by weight of polyvinylidene powder was dissolved in 30 parts by weight of N-methylpyn'olidone. and tiie result- 
40 ant material was added to ttie aforesakJ mixed powder of UCk)02 powder and graphite powder to prepare paste of 
active material mixture (electrode mixture). 

Using tiiis paste and using the electrolytic copper foil shown in the working example electrode 1 as a collector, a 
working example electrode 5 with the active material mixture of 20 mg was manu^ctured in the same way as in ttie 
case of ttie working exarrple electrode 1 . 
45 This electrode was subjected to ttie same charging/discharging cycle test as in ttie case of the working example 
electi-ode 1. 

This electrode showed a value of 98% or higher of the ratio of discharge capadty at the 20th cyde to discharge 
capadty at ttie 1st cycle, exhibiting excellent cycle life characteristics. 

so Working example 6 

In working example 1 . ttie electrolyte was replaced with an electrolyte for manufactunng electrolytic nickel foil, hav- 
ing a nickel sulfate concentration of 300 g/liter, a boric acid concenti^tion of 40 g/liter. and a bath temperature of 60*^0, 
and this electrdyte was used to iorm a 70 nm thick titanium oxide film on tiie exposed surface of drum cathode body by 
55 using the apparatus A4. While forming ttiis titanium oxide film, an electrolytic nickel fdl was manufactured witii a current 
density of 30 A/dm^. 

The obtained electi'olytic nickel foil had a porous structure in which the average ttiickness was 25 nm, tii Rz of S 
surfac was 2 ^m, tiie Rz of M surface was 7 ^m, the diameter of open-pore was 0.1 to 4 ^m, the distribution density 
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thereof was 300 to 400 pores/mm^, and the porosity was S%. 

Hydrogen occlusion alloy powder with a composition of MmNi3 55Mno.4Alo.3Coo 75 (Mm: misch metal) and a grain 
size of 30 to 50 (im was prepared. Five parts by weight of 60% fluid dispersion of polytetraf luoroethylene powder and 
30 parts by weight of 1 .2% carboxymethylceilulose solution were mixed with 100 parts by weight of this alloy powder to 
5 prepare paste. 

This past . was applied to both of the surfaces of the aforesaid two nickel foils, and . n . nickel foil was lapped over 
the other with their S surface sides being brought into contact with each other. After being dried, the lapped foils were 
press-formed at a pressure of 2000 kg/cm^, by which a negative electrode for nk:kBl-hydrogen battery with a thickness 
of 0.8 mm. a width of 70 mm, and a length of 100 mm was manufactured. 

10 Meanwhile, a pubiidy known positive electrode with a thickness of 0.8 mm, a width of 70 mm. and a length of 100 
mm was prepared. In this positive electrode, nickel hydroxide was used as an active material for positive electrode, and 
the theoretical discharge capacity was set at a value about 0.7 times of the theoretical discharge capacity of aforesaid 
negative electrode. Separators of 0.2 mm thick made of nylon were interposed between four positive electrodes and five 
negative electrodes, and a 6NK0H electrolyte was used to assemble a nickel-hydrogen t^attery with a rated capacity of 

15 10 Ah. 

This battery was subjected to a charging/discharging cyde test, in which one cycle consists of 120% overcharging 
at 0.5 C and discharging down to a final discharge voltage of 1 .0 V at 1 .0 C, and the decrease ratio of discharge capac- 
ity at 500 cycle time was measured. 

For comparison, negative electrodes were manufactured as a comparative example electrode 3 and comparative 
20 example electrode 4 by using a punching nickel sheet foil with an opening ratio of 1 0% and a nickel foam with a porosity 
of 50% as collectors, respectively, and by putting a mixture on the collector under the same conditions as described 
above, and nickel-hydrogen batteries were assembled. On these batteries as well, tiie decrease ratio of discharge 
capacity at 500 cyde time was measured in the same way as in the working example. The results are given in Table 2. 
In addition, the tensile strength and elongation of the collector were measured by the method specified In JIS 
25 C651 1 , and the measured value is given in Table 2. Also, the manufacturing cost of the comparative example electrode, 
which is calculated when tiie manufacturing cost of the working example electrode 6 is taken as 1 . is given as a relative 
value in Table 2. 



Table 2 





Decrease ratio of dis- 
charge capacity (%: 
after 500 cydes) 


Mechanical properties of collector 


Manufecturing cost (rel- 
ative value) 






Tensile strength 
(kg/mm^ 


Elongation {%) 




Woridng example elec- 
trode 6 


15 


25 


7 


1 


Comparative example 
electrode 3 


20 


15 


5 


3 


Comparative example 
elecb'ode 4 


24 


5 


1 


10 



As is apparent from the above result, a battery incorporating an electrode in which a metal foil of the present inven- 
tion is used as a collector has a low decrease ratio of discharge capadty, and thereby has high cyde life characteristics. 
Also, ttie collector has high mechanical properties, so tiiat, for example, breakage or like trouble is not caused even 
when ttie collector is contained in tiie battery by being wound. Because the collector is manufactured by elecb'olytic 
50 plating, it can be mass-produced, so that tiie manufecturing cost can be reduced, which contributes to the provision of 
inexpensive electrodes. 

Woridng examples 7 and 8 

55 When the electrolytic copper foil of working example 1 was manufactured, the resin liqukJ described below was 
sprayed onto the exposed surfac 7a of the drum cathode kxxiy 7 under tiie following conditions. 

Composition of resin liquid: RIPOXY R-804B (trade name, a resin manufactured by Showa Highpolymer Co.. Ltd.) 
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96.5 wl%. PERMERIC (trade name, a hardening agent manufactured by Showa Highpolymer Co.. Ltd.) 3 wt%. 

Hardening Aocelerator D (trade name, manufactured k>y Showa Highpolymer Co.. Ltd.) 0.5 wt% 

Spraying: Pressure Sprayer No. 7760 (trade name, a pressure-type sprayer manufactured by Furupla Co.. Ud.) 

5 After the resin liquid was hardened, electrolytic plating was performed under the same conditions as those in work- 
ing example 1 to form a copper thin layer on the hardened film. By separating the copper thin layer, an electrolytic cop- 
per foil was manufactured. 

For the ot^tained electrolytic copper foil, the average thickness was 10 |xm. the Rz of S surface was 1 .5 ^m. and the 
Rz of M surlace was 2.5 pm. In the thickness direction, open-pores with a diameter of 0.1 to 80 [un were found with a 
10 distribution density of 1 to 5 pores/inm^ on the surface. 

Without surface roughening. 20 mg of the electrode mixture of working example 1 was put on both of the surfaces 
of this electrolytic copper foil to manufacture a working example electrode 7. 

Also, in working example 1 . an electrolytic copper foil was manufactured by performing electrolytic plating under the 
same conditions as those in working example 1 except that FBK-RO220 (trade name, a machine oil manufactured by 
75 Mitsubishi Oil Co.. Ltd.) was suspended with a concentration of 100 g/rr? in electrolyte. 

For the obtained electrolytic copper foil, the average thickness was 10 }im. the Rz of 8 surface was 1 .5 and the 
Rz of M surface was 2.3 pm. In the thickness direction, open-pores with a diameter of 0.1 to 60 ^m were found with a 
distribution density of 1 to 10 pores/mm^ on the surface. 

Without surface roughening, 20 mg of the electrode mixture of working exanrple 1 was put on both of the surfaces 
20 of this electrolytic copper foil to manufacture a working example electrode 8. 

For comparison, without surface treatment on the exposed surface of the drum cathode body, a copper thin layer 
was formed directly on the exposed surface under the conditions for electrolytic plating in working example 1 . and then 
separated to manufacture an electrolytic copper foil. 

For the obtained electi-olytlc copper foil, the average thickness was 10 jim. the Rz of 8 surface was 1 .5 >im. and the 
25 Rz Of M surface was 2.5 ^m. In ttie thickness direction, no pores were found. 

Without surface roughening. 20 mg of the electrode mixture of working example 1 was put on both of the surfaces 
of this electrolytic copper foil to manufacture a comparative example electrode 5. 

By using these electrodes, the same tiiree-electrode cells as in working example 1 were assembled, and a charg- 
ing/discharging cycle test was made under the same conditions. The result is given in Table 3. 

30 



Table 3 





Ratio of discharge capacity in 
charging/discharging cycle 
test (%: 20th cycle/1 St cyde) 


Working exanrple electrode 7 


About 80 


Working example electrode 8 


About 85 


Comparative example electo'ode 5 


About 60 



As is apparent from the above result, since the working exarrple electrodes 7, 8 have a collector (electrolytic copper 
foil) of a porous structure, the discharge capadty is unlikely to decrease in ttie process of charging/discharging cycle, 
so that these electrodes have high cycle lif^ characteristics. 

4S 

INDUSTRIAL APPLICABILITY 

The metal foil manufactured by the method in accordance with the present invention has many open-pores formed 
in the thickness direction. 

so Therefore, when this metal foil is used as a collector for a secondary battery, ttie openings of these open-pores 
have an anchoring effect on tiie electrode mixture supported on tiie metal foil, so tiiat the contact strength between the 
electrode mixture and the collector is increased, by which the electrode mixture is prevented from peeling off in the 
charging/discharging cycle. . 

Also, when this m^l foil is used as a collector for the electrode of lithium battery, the electron transfer reaction in 
55 battery operation proceeds smoothly via the open-pores of this metal foil, so tiiat the coefficient of use of active material 
is increased, by which tii cyde life characteristics of battery is improved. 

Since this metal foil is manufactured by el ectrotytic plating, it can be mass-produced, so that the manufacturing cost 
is decreased, which contributes greatly to tiie manufacture of inexpensive electarodes. 
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Claims 

1 . A method off manufacturing a porous electrolytic metal foil, comprising the steps of: 

s continuously forming a metal thin layer k>y electrically depositing metal ions on the surfeice of a moving cathode 

body by an electrolytic reaction which is carried out by immersing an anode body and the nrx>vlng cathode body 
in an electrolyte containing metal Ions and by applying electric current to between the anode body and moving 
cathode body while said moving cathode body Is moved; and 

continuously manufacturing an electrolytic metal foil by continuously separating said metal thin layer from the 
10 surfece of said moving cathode body while said moving cathode body Is moved: 

and further comprising the step of: 

carrying out surface treatment of the exposed surface of said moving cathode body exposed after said metal 
thin layer is separated by wholly or partially forming a film consisting of an electrical insulating material on said 
exposed surface. 

IS 

2. A method of manufacturing a porous electrolytic metal foil according to daim 1 . wherein said surface treatment is 
carried out to form an oxide film with a thickness of at least 1 4 nm by electrolytically oxidizing said exposed surface. 

3. A method of manufacturing a porous electrolytic metal foil according to claim 1, wherein said surface treatment is 
20 carried out to make an organic substance stick to said exposed surface by spraying said organic substance onto 

said exposed surface. 

4. A method of manufacturing a porous electrolytic metal foil according to claim 1 , wherein said surface treatment is 
can-led out to make an organic substance stick to said exposed surface by suspending said organic substance in 

2s said electrolyte. 

5. A method off manufacturing a porous electrolytic metal foil according to daim 1 . wherein sakJ electrolytic metal foil 
has such a structure that open-pores with a diameter of 0.1 to 80 ^ are formed in the thickness direction and the 
distribution density of said open-pores is 1 to 500 pores/mm^ on the surface. . 

30 
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Description 
TECHNICAL FIELD 

5 [0001] The present Inv ntion r lates to a method of manufacturing a porous electrolytic metal foil and, more partic- 
ularly, to a method of manufacturing a porous electrolytic metal foil in which when the metal foil is used as a collector 
of secondary battery, a mixture for electrode can be supported fimnly on the collector, and electron transfer reaction 
can be caused unifomnly at the charging/discharging cycle time. 

10 BACKGROUND ART 

[0002] In recent years, as portable electronic equipment such as video cameras and notebook type computers has 
widely been used, the demand for small high-capacity secondary batteries has increased as power sources therefor. 
Most of the secondary batteries now being used are nickel-cadmium batteries containing alkali electrolyte, the battery 
15 voltage thereof being about 1 .2 V. For this reason, a nickel-hydrogen battery has received attention as a higher-power 
battery, and also a lithium battery has been developed. 

[0003] The nickel-hydrogen battery worics with hydrogen used as an active material for negative electrode. The 
negative electrode thereof is formed by supporting a hydrogen occlusion alloy capable of reversibly occluding/dis- 
charging hydrogen on the collector, and the positive electrode is formed by similariy supporting, for example, nickel 

20 hydroxide, which is an active material for positive electrode, on the collector. 

[0004] For example, when a negative electrode of nickel-hydrogen battery is manufactured, predetemnined amounts 
of hydrogen occlusion alloy powder, conductive material powder such as nickel, and binder powder such as potyvinyll- 
dene fluoride are mixed to yield a mixed powder, to which, for example, carboxymethyl cellulose solution is added, by 
which a slurry, which is a mixture for negative electrode, Is prepared. A collector such as a punching Ni sheet with a 

25 desirable opening ratio, a NI foam sheet with a desirable porosity, or a Ni powder sintered body is filled with the slurry. 
The mixture is supported on the surface of the collector and in the inside voids thereof in a contacting state by sequen- 
tially perfomiing drying, rolling, and heat treatment. 

[0005] When a positive electrode is manufactured, predetermined amounts of nickel hydroxide powder, which is an 
active material for positive electrode, and a conductive material such as nickel powder are mixed to yield a mixed 
30 powder, to which, a predetermined amount of, for example, carboxymethyl cellulose solution is added, and the whole 
mixture Is agitated into a sluny fomn, by which a mixture for positive electrode Is prepared. Thereafter, a collector such 
as a NI foam sheet Is filled with the mixture for positive electrode. The mixture for positive electrode is supported on 
the collector by sequentially drying and rolling it. 

[0006] Lithium batteries are broadly classified into metallic lithium batteries and lithium ion batteries. 

35 [0007] For the metallic lithium battery, the negative electrode is fomried of metallic lithium, and the positive electrode 
Is fonned by supporting an active material for positive electrode such as LiCo02 on a collector. For the lithium Ion 
battery, the positive electrode is fomried In the same manner as described above, but the negative electrode is fomned 
by supporting, for example, carbon (0) capable of occtuding/discharging lithium ions on a collector. 
[0008] In the case of the fomner battery of the batteries of the two types, dendrite recrystallized lithium is deposited 

40 on the surface of metallic lithium, which Is the negative electrode, during charging, and it grows as the charging/dis- 
charging cycle proceeds, so that the battery cycle life is decreased. In the worst case, the grown recrystallized lithium 
breaks a separator interposed between the positive and negative electrodes, sometimes causing short circuit. 
[0009] Thereupon, regarding the lithium battery, the research and development of a lithium Ion battery Incorporating 
a negative electrode formed by supporting carbon on the collector Is now being cam'ed on. This negative electrode 

45 does not present the problem with metallic lithium negative electrode during the charging/discharging cycle. 

[0010] When a positive electrode of lithium battery is manufactured, predetemnined amounts of, for example, LiCo02 
powder, which is an active material for positive electrode, for example, C powder, which is a conductive material, and, 
for example, polyvinylidene fluoride, which is a binder, are first mixed to yield a mixed powder, to which a predetemilned 
amount of nonaqueous solvent such as N-methylpyrrolldone is added. The whole mixture is mixed thoroughly, by which 

50 a pasted mixture, which is a mixture for positive electrode, is prepared. Then, the mixture is applied onto the surface 
of collector consisting of metal foil or alloy foil such as Ni, Cu and Ti-AI foil made by, for example, rolling. Thereafter, 
the mixture for positive electrode is dried to be put on the collector so as to be in firm contact and Integral with the 
collector. 

[0011] When a negative electrode of lithium Ion battery Is manufactured, fiber-form, woven cloth-fomn, or felt-fomn 

55 carbon fiber itself is sometimes used as C. In general, however, predetermined amounts of C powder, the aforemen- 
tioned binder powder, and nonaqueous solvent are mixed to prepare a pasted mixture for negative electrode, and the 
mixture is applied to the collector consisting of a metal foil and pressed on it after being dried. 
[0012] An important point for the aforementioned positive and negative electrodes is that the mixture for positive or 



2 



EP 0 860 518 B1 



negative electrode (hereinafter called the electrode mixture) does not peel off fronn the collector when the electrode is 
Incorporated into a battery or at the time of charging/discharging cycle. If th mixture peels off from the collector, 
polarization begins to increase in the process of charging/discharging cycle, which causes the cycle life characteristics 
to decrease. 

5 [0013] When a Ni foam sh et is used as a collector as in the case of th hydrogen-nickel battery, th electrode 
mixture is less prone to peel off because it fills the inside of the sheet. 

[0014] However, the pore diameter of such a foam sheet, which is about 100 (im, is too large with respect to the 
whole sheet. Therefore, although this pore diameter is preferable from the viewpoint of increased filling amount of 
electrode mixture and useful to prevent the electrode mixture from peeling off, it decreases the mechanical strength 
10 of sheet, so that the sheet is prone to be broken. Also, the filling of electrode mixture is nonunifomi, so that the electron 
transfer reaction in the charging/discharging cycle is prone to be nonunlfomn. 

[0015] When a punching metal sheet, in which openings of a predetemnined diameter are formed regularly, for ex- 
ample, in a zigzag lattice pattern, is used as a collector, the opening diameter is too large with respect to the whole 
sheet as in the case of foam sheet, and in manufacturing, an opening-less sheet must be punched, resulting in an 
IS increase in cost. 

[0016] Sometimes, an expanded metal is used as a collector. To manufacture the expanded metal, a nonporous 
sheet must be subjected to special fabrication as in the case of the punching metal sheet, so that the cost of expanded 
metal is higher than that of punching metal sheet. 

[0017] In the case of the positive or negative electrode for a lithium battery, as described above, a metal foil usually 
20 manufactured by rolling is used as the collector, and paste such as an electrode mixture is simply applied to and pressed 
on the smooth surface thereof, so that peeling occurs easily. 

[0018] For an electrode in which an electrode mixture is supported on both surfaces of the collector, it is very difficult 
to apply paste to the completely same thickness on both surfaces. The collector used is generally a rolled nonporous 
foil, so that lithium ions cannot migrate from one surface of the collector to the other surface thereof. 
25 [0019] Therefore, during the charging/discharging, It is impossible to completely use the electrode mixture supported 
on both surfaces of the collector. 

[0020] USP 5,441 ,627 discloses a metal foil manufacturing method in which a metal foil is manufactured by forming 
a thin metal layer by electrodepositing a metal on the surface of cathode through an electrolytic reaction, and then 
separating the metal layer from the cathode surface. This document indicates that, in the case when a the surface of 

30 a rotating cathode Is fonmed of titanium, it is advisable to adjust the thickness of the anodized film to be formed to 1 .4 
to 1 40 angstroms and that when the thickness of the film is greater than 1 40 angstroms It starts to become an electrical 
Insulator and Its Insulating properties become nonuniform, the surface of the metal foil obtained being liable to be a 
surface having unevenness and pinholes so that Its mechanical properties are deteriorated. 
[0021] An object of the present invention is to provide a method of manufacturing a porous electrolytic metal foil, in 

35 which In manufacturing a metal foil by the electrolytic plating method, the metal foil obtained at the same time when 
the manufacture proceeds can be made porous. 

[0022] Another object of the present invention is to provide a method of manufacturing a porous electrolytic metal 
foil, in which a porous electrolytic metal foil, which is useful as a collector for a secondary battery electrode, is manu- 
factured continuously and in large quantities, and therefore at a low cost. 



40 



DISCLOSURE OF THE INVENTION 



[0023] To achieve the above objects, the present invention provides a method of manufacturing a porous electrolytic 
metal foil, comprising the steps of: 

45 

continuously forming a metal thin layer by electrically depositing metal ions on the surface of a moving cathode 
body by an electrolytic reaction which is canled out by immersing an anode body and the moving cathode body 
in an electrolyte containing metal ions and by applying electric current to between the anode body and moving 
cathode body while the moving cathode body is moved; and 
so continuously manufacturing an electrolytic metal foil by continuously separating the metal thin layer from the sur- 

face of the moving cathode body while the moving cathode body is moved; 
and further comprising the step of: fomiing an oxide film. 



[0024] FIG. 1 Is a schematic sectional view showing a typical cross-sectional structure of a porous electrolytic metal 
foil manufactured by the method in accordance with the present invention, and FIG. 2 is a schematic sectional view 
showing a typical cross-sectional structure of an electrode fonned by using the metal foil shown in FIG. 1 as a collector 
and by supporting an electrode mixture on both surfaces thereof. 

[0025] In these figures, a metal foil 1 is fomned with a plurality of open-pores penetrating in the thickness direction 
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from one surface 1 a thereof to the other surface 1 b, and the metal foil has a porous structure as a whole. 
[0026] The electrode shown In FIG. 2 has an electrode mixture 3 supported on the surfaces 1 a and 1 b of the aforesaid 
metal foil 1. The electrode mixture 3 Is supported In such a manner as to get slightly into the open«pore 2 through an 
opening 2a of the open-pore 2, or in such a manner as to get considerably deep into the open-pore 2 when the open* 
5 por 2 has a large diameter. Attematively, th lectrode mixture 3 Is supported in such a manner that th electrode 
mixtures 3 filled in the open-pore 2 from both surfaces of the metal foil 1 come into contact with each other within the 
open -pore 2. 

[0027] That is, these open-pores 2 offer an anchoring effect to the electrode mixture 3. 

[0028] These open-pores 2 are formed randomly, so that not all pores are present as an open-pore penetrating the 
10 metal foil 1 from the surface la to the surface 1b. and some pores may be closed at an intermediate position. 

[0029] For this metal foil 1 , it is preferable that the thickness thereof be usually 8 to 100 pjn in order to obtain a foil 
with a porous structure. If the metal foil 1 is too thin, it may be broken in the foil manufacturing process, described later. 
If it is too thick, the aforesaid open-pores are not formed. 

[0030] It is preferable that the diameter of the opening 2a of the open-pore 2 be within the range of 0.1 to 80 ^m, 
IS though changing depending on the thickness of the metal foil 1 . Also, it is preferable that 1 to 500 pores be distributed 
per unit area (1 mm^) on the surface of the metal foil 1 . 

[0031] If the diameter of the open-pore 2 is smaller than 0. 1 p.m, the electrode mixture 3 does not get into the pore 
smoothly even If the electrode mixture is applied to and pressed on the metal foil 1 , so that the aforementioned anchoring 
effect is decreased, resulting in a decrease In contact strength between the electrode mixture 3 and the metal foil 1 . If 
20 the diameter of the open-pore 2 is larger than 80 (im, the mechanical strength of the metal foil 1 decreases, so that 
the metal foil 1 Is broken, for example, when the metal foil 1 is separated from the surface of the moving cathode body - 
in the metal foil manufacturing process, described later 

[0032] if the distribution density of these pores on the surfaces 1a and 1b of the metal foil 1 is lower than 1 pore/ 
mm2, the contact strength between the electrode mixture 3 and the metal foil 1 decreases, so that the electrode mixture 
2S Is liable to peel off. 

[0033] If the distribution density Is higher than 500 pores/mm^, though the contact strength between the electrode 
mixture 3 and the metal foil 1 increases, the metal foil is too porous as a whole, resulting In a decrease in mechanical 
strength as described above. 

[0034] In the electrode manufactured by using the metal foil of the present invention as a collector, the electrode 
30 mixture 3 supported on the surfaces la and lb of the metal foil 1 is selected appropriately depending on the battery 
to be fomned. 

[0035] For example, when the intended electrode Is the positive electrode for a nickel-hydrogen battery, the mixture 
for positive electrode, In which nickel hydroxide powder is used as an active material, is supported on the surfaces of 
the metal foil. When it is the negative electrode, the mixture for negative electrode, whose principal ingredient is hy- 

35 drogen occlusion alloy powder, is supported. 

[0036] When the intended electrode is the positive electrode for a lithium battery, the mixture for positive electrode, 
whose principal ingredient Is an active material such as lithium vanadium pentoxide, lithium manganese oxide, and 
lithium cobalt oxide, Is supported on the surfaces of the metal foil. When it is the negative electrode, the mixture for 
negative electrode, whose principal Ingredient Is a powder consisting of C such as chips or powder of pyrolytic carbon, 

^ coke, graphite, vitreous carbon, resin baked body, activated charcoal, and cariaon fiber, is supported. 

[0037] The aforementioned metal foil is manufactured continuously as a porous electrolytic metal foil by operating 
the apparatus described below. 

[0038] FIG. 3 is a schematic view showing a typical system used when the porous electrolytic metal foil in accordance 
with the present Invention Is manufactured. FIG. 4 is a schematic view showing another system. 
45 [0039] In FIG. 3, an electrolytic bath 4 contains an electrolyte 5 containing metal ions which are the raw material for 
an electrolytic metal foil to be manufactured, an anode body 6 is disposed in this electrolyte 5, and a drum cathode 
body 7 facing the anode body 6 Is disposed In such a manner that part of the drum cathode body 7 is immersed in the 
electrolyte 5. 

[0040] The anode body 6 is usually made of lead. For the moving cathode body 7, 7', at least the surface thereof Is 
50 made of stainless steel, Ti, Cr, Al, or Cr-Ai alloy. 

[0041] Electrolytic reaction is carried out by applying electric current to between the anode body 6 and the drum 

cathode body 7 while the drum cathode body 7 is rotated in the direction Indteated by arrow p to move the surface 

thereof successively in the electrolyte 5 and while the electrolyte 5 is supplied continuously from a distributor 9 to a 

gap 8 between the anode body 6 and the drum cathode body 7. 
55 [0042] In the system shown in FIG. 4, a belt cathode body 7' Is used In place of the drum cathode body 7 shown in 

FIG. 3, This belt cathode body 7' is circulated in the direction indrcated by anrow p, by which the surface thereof is 

moved successively in the electrolyte 5. 

[0043] In the present invention, the aforementioned drum cathode body 7 and belt cathode body 7* are called a 
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moving cathode body because the surface thereof on which an electrolytic metal foil is formed moves. 
[0044] The metal ions are electrically deposited on the surface of the drum cathode body 7 or belt cathode body T, 
where a metal thin layer is continuously fomried so that the layer thickness increases successively in the moving di- 
rection of the surface of the drum cathode body 7 or belt cathode body r. This metal thin layer is separated from the 
5 surface of the drum cathode body 7 or belt cathode body 7* at a point where th surface emerges from the electrolyte, 
and wound around a take-up roll 11 as the electrolytic metal foil 1 via rolls 10a and 10b. 

[0045] In the method of the present invention, an exposed surface 7a, 7'a, which is exposed on the drum cathode 
body 7 or belt cathode body T by the separation of the metal thin layer from the surface of the drum cathode body 7 
or belt cathode body 7*. is subjected to surface treatment, described later. 

io [0046] This surface treatment is carried out to form a film consisting of an electrical insulating material on the exposed 
surface 7a, 7*a of the moving cathode body 7, 7*. 
[0047] Specifically, the surface treatment includes, 

a treatment for forming an oxide film with a thickness of more than 14 nm on the exposed surface 7a. 7*a by 
applying electrolytic oxidation to the exposed surface 7a, 7'a (called a first surface treatment). 

f5 [0048] The following is a detailed description of these surface treatments. 

[0049] First, the first surface treatment will be described. As shown In FIGS. 3 and 4, a oxide film fonning apparatus 
A, described later, is mounted on the exposed surface 7a, 7'a of the moving cathode body 7, T from which the metal 
thin layer is separated. By operating this apparatus A, the exposed surface 7a, 7*a is electrolytically oxidized in the 
process before the exposed surface 7a, 7'a is immersed again in the electrolyte 5, so that an oxide film with a thickness 

^ of more than 14 nm is fonmed on the whole surface. 

[0050] If the aforesaid metal thin layer is formed on the surface of the drum cathode body 7 or belt cathode body T 
with the oxide film fomied on the surface, the metal thin layer is made to have a porous structure having open-pores. 
When the electrolytic metal foil is fomied by separating the metal thin layer from the moving cathode body such as the 
drum cathode body 7 or belt cathode body 7', both of the surface (S surface) on the moving cathode body side and 

25 the opposite surface (M surface) become rough. Moreover, the opposite surface becomes rougher than the surface 
on the moving cathode body side. 

[0051] At this time, if the formed oxide film is made thinner than 14 nm, the metal thin layer fomned on the oxide film 
is difficult to have a proper porous structure having the aforesaid open-pores and the distribution density thereof. This 
decreases the perfomnance of metal foil as a collector on which the electrode mixture as described above is supported 

30 with a high contact strength. 

[0052] However, if the oxide film is made too thick, the metal thin layer formed on the oxide film becomes excessively 
porous, by which the mechanical strength thereof is decreased, so that a trouble such that the metal thin layer is broken 
when it is separated from the moving cathode body occurs frequently. Therefore, it is preferable that the thickness of 
the oxide film be not greater than 100 nm. 

^ [0053] The apparatus A for fomning the oxide film, which functions in the above-described manner, on the exposed 
surface of the moving cathode body Includes holding means for holding an electrolytic treatment liquid for electrolytic 
oxidation so that the treatment liquid is in contact with the exposed surface of the moving cathode body; a counter 
electrode body disposed in the holding means so as to oppose to the exposed surface of the moving cathode body; 
and supply means for supplying the electrolytic treatment liquid to the holding means. 

40 [0054] This apparatus A anodizes the exposed surface by applying electric current to between the moving cathode 
and the counter electrode body with the electrolytic treatment liquid supplied continuously from the supply means to 
the holding means and with the electrolytic treatment liquid in contact with the exposed surface of the moving cathode 
body while the metal thin layer is formed on the surface of the moving cathode body by applying electric current to 
between the anode body and the moving cathode body to continue electrolytic plating, without stopping the operation 

45 of the moving cathode body. 

[0055] At this time, the operation Is perfomied so that the operation potential is lower in the order of the anode body, 
moving cathode body, and counter electrode body. This is because if the operation potential does not establish the 
above relationship, the exposed surface of the moving cathode body is not electrolytically oxidized, so that the oxide 
film is not fonned there. 

50 [0056] The oxide film may be fonned continuously or intermittently using the apparatus A. 

[0057] When the metal thin layer formed by electric deposition is separated from the surface of the moving cathode 
body, part of the oxide film is removed to the metal thin layer side at the same time, so that the thickness of the oxide 
film is decreased gradually by the repetition of electric deposition and separation. Therefore, the metal thin layer formed 
on the oxide film does not become to have the proper porous structure as described above. To compensate the de- 

55 creased thickness, the oxide film must be formed continuously or intemnittently, 

[0058] To operate the apparatus A, the constant current method or constant voltage method can be used. Of these 
two methods, the constant voltage method is preferable because the part of oxide film removed from the surface of 
the moving cathode body can be compensated automatically and instantly, and the thickness of the oxide film can be 
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prevented from increasing up to the unnecessary thickness. 

[0059] An example of the apparatus A will be described with reference to the drawing. 

[0080] FIG. 5 is a partially cutaway perspective view showing a state in which an apparatus A^ is mount d on the 

exposed surface 7a of the drum cathode body 7. 

5 [0061] This apparatus A^, having a shaft 12 for mounting the apparatus at the cent r, comprises a conductive roll 
13 functioning as a counter electrode body opposing to the drum cathode body 7 in electrolytic oxidation, electrolytic 
treatment liquid holding means 14 disposed around the conductive roll 13, and a pipe which is electrolytic treatment 
liquid supply means 15 for supplying electrolytic treatment liquid 15a used for electrolytic oxidation to the electrolytic 
treatment liquid holding means 14. By rotatably supporting the shaft 12 by not-illustrated means with the electrolytic 

10 treatment liquid holding means 1 4 In contact with the exposed surface 7a of the drum cathode body 7 indicated by an 
imaginary line, the whole of the apparatus A^ Is mounted on the exposed surface 7a of the drum cathode body 7 as 
shown in FIG. 3. 

[0062] The conductive roll 13 may be a roll the whole of which is made of a corrosion-resistant material such as 
titanium, nickel, chromium, copper, and stainless steel or a roll in which the surface of the above material is coated 

IS with a material having electric conductivity and resistance to con^osion caused by the electrolytic treatment liquid 15a 
used to fonn the oxide film, such as silver, silver alloy, gold, gold alloy, palladium, and palladium alloy Also, the surface 
of a roll made of a non-conductive plastic material such as polypropylene or polyvinyl chloride may be covered with 
foil, wire, or mesh of a material having electric conductivity and corrosion resistance. Alternatively, a material having 
electric conductivity and corrosion resistance may be plated, thermally sprayed, or applied to the surface of the afore- 

20 mentioned roll. To sum up, a roll at least the surface of which has electric conductivity and conrosion resistance is used 
as a counter electrode body for electrolytic oxidation on the surface of the drum cathode body 
[0063] The electrolytic treatment liquid holding means 14 surrounding the conductive roll (counter electrode body) 
13 has a proper elasticity as well as pemieability. The electrolytic treatment liquid holding means 14 is fomied by 
covering the outer periphery of the conductive roll 13 with a material having resistance to conrosion caused by the 

25 electrolytic treatment liquid used, such as felt, nonwoven fabric cloth, or split yarn of polyurethane, polyvinyl fomrial, or 
polyester. 

[0064] Above the electrolytic treatment liquid holding means 1 4, the pipe 1 5 fomned with a plurality of openings 1 5b 
in the axial direction of the electrolytic treatment liquid holding means 14 is disposed as electrolytic treatment liquid 
supply means, and the predetennined electrolytic treatment liquid 1 5a is supplied to the pipe 1 5 by means of a pump 

30 15c. The supplied electrolytic treatment liquid 15a is not subject to any special restriction, and a liquid whteh does not 
have an adverse effect on the manufacture of metal thin layer even if being mixed with the electrolyte used for the 
manufacture of metal thin layer Is used. For example, a liquid which Is the same as the electrolyte used at present to 
make metal electrically deposit on the suriace of the drum cathode body, or a liquid which has the same components 
as those of the electrolyte but a different ratio of components can be used. 

35 [0065] As the electrolyte, for example, copper sulfate solution is used in manufacturing electrolytic copper foil, and 
nickel sulfate solution or nickel sulfamate solution is used in manufacturing electrolytic nickel foil. Also, in manufacturing 
electrolytic aluminum foil, AlCl3-LiAIH4-tetrahydrofuran bath and NaF • 2Ai(C2H50)3 • 4 toluene bath, which are dis- 
closed in Japanese Patent Publication No. 48-4460, and the like can be used. 

[0066] As the electrolytic treatment liquid 15a, a liquid which does not contain ions of metal deposited on the drum 
40 cathode body 7 can also be used. Such electrolytic treatment solutions include an acidic solution such as sulfuric acid 
solution, phosphoric acid solution, and hydrochloric acid solution and a neutral solution In which sodium sulfate, po- 
tassium sulfate, sodium hydrochloride, potassium hydrochloride, etc. are dissolved. Among these, sulfuric acid solution 
is preferably used In manufacturing electrolytic copper foil by using copper sulfate electrolyte. 
[0067] The supply means for the electrolytic treatment liquid 15a Is not limited to the above-mentioned pipe-form 
45 means. For example, the conductive roll 13 Is made hollow, many openings are fonned on the peripheral surface 
thereof, and the electrolytic treatment liquid 15a is supplied to the hollow portion of the conductive roil 13, by which 
the electrolytic treatment liquid 15a may be supplied to the electrolytic treatment liquid holding means 14 from the 
inside thereof through the openings on the peripheral surface of the conductive roll 13. 

[0068] When the apparatus A^ is used, the oxide film is fonned on the exposed surface 7a of the drum cathode body 

50 7 in the following manner. 

[0069] First, the electrolytic treatment liquid holding means 1 4 of the apparatus A^ is elastically brought into contact 
with the exposed surface 7a of the drum cathode body 7 rotating In the direction Indicated by an-ow p. Thereupon, the 
electrolytic treatment liquid holding means 1 4 rotates automatically in the direction indicated by arrow r in FIG. 5. With 
this state being kept, a predetermined electrolytic treatment liquid 15a is supplied to the pipe (electrolytic treatment 

55 liquid supply means) 15. 

[0070] The electrolytic eatment liquid 15a drips onto the electrolytic treatment liquid holding means 14 from the 
openings 15b, penneates into the electrolytte treatment liquid holding means 14, and is kept therein. As a result, the 
conductive roll (counter electrode body for electrolytic oxidation) 13 and the exposed surface 7a of the drum cathode 
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body 7 becomes conductive via the electrolytic treatment liquid 15a. 

[0071] Then.tenninals 13a, 13a attached to the conductive roll 13 are connected to the minus side of a power supply 
(not shown) , and th expos d surface 7a of the drum cathode body 7 Is connected to the plus side of the power supply 
so that an electrolytic current flows between the conductive roll 13 and the exposed surface 7a of the drum cathode 

5 body 7, wh r by the exposed surfac Is anodiz d. At this time, the conductive roll (counter electrod body) 13 Is 
operated so that the potential becomes to be lower than the potential of the drum cathode body in the electrolytic bath 
on which surface is formed a metal thin layer, and at the same time, the potential of the anode body positioned in the 
electrolytic bath is made higher than that of the drum cathode body. If the potential of the drum cathode body is higher 
than that of the anode body, there occurs a trouble such that metal is not electrically deposited on the surface of the 

10 drum cathode body, or a trouble such that if electric current Is applied so that the potential of the conductive roll Is 
higher than that of the drum cathode body, the conductive roll 13 is made the plus electrode, and the exposed surface 
7a of the dmm cathode body 7 Is made the minus electrode, so that the exposed surface 7a of the drum cathode body 
7 is not electrolytically oxidized. 

[0072] By properly selecting the rotational speed of the drum cathode body 7, the operation potential of the conductive 
IS roll (counter electrode body), and the like, an oxide film with a desirable thickness is formed on the exposed surface 7a. 
[0073] In this apparatus A.|, it is preferable that the width of the electrolytic treatment liquid holding means 14 is 
smaller than that of the drum cathode body 7 so that both side portions 7b, 7b on the exposed surface 7a of the drum 
cathode body 7 are not electrolytically oxidized. 

[0074] The reason for this is as follows: The metal thin layer directly fomied at these portions 7b, 7b has a higher 
20 mechanical strength than the porous metal thin layer fonmed on the oxide film produced by the apparatus . Therefore, 
when the metal thin layer is separated from the drum cathode body, a trouble of breaking of the metal thin layer in the 
process of separation can be prevented by starting the separation from the portion of metal thin layer fonned at the 
portions 7b, 7b. 

[0075] FIG. 6 is a partially cutaway perspective view showing a state in which another apparatus A2 is mounted on 

25 the exposed surface 7a of the drum cathode body 7. 

[0076] In the case of this apparatus A2, the electrolytic treatment liquid holding means 16 is a box-shaped vessel 
whose one face is open, and this opening 1 6a is disposed in liquid-tight slidable contact with or close to the exposed 
surface 7a of the drum cathode body 7. Therefore, the portions of sides 1 6b, 1 6b of the vessel 1 6, which are in slidable 
contact with or close to the exposed surface 7a of the drum cathode body 7, are curved so as to match the curvature 

30 of the exposed surface 7a of the drum cathode body 7. 

[0077] The width of the vessel 1 6 Is smaller than that of the dmm cathode body 7 for the same reason as that In the 
case of the electrolytic treatment liquid holding means 1 4 for the apparatus A^, so that both side portions 7b, 7b of the 
exposed surface 7a of the drum cathode body 7 are not electrolytically oxidized. 

[0078] It is preferable that the vessel 1 6 be made of a material which is resistant to corrosion caused by the electrolytic 

35 treatment liquid used, such as polyvinyl chloride and polypropylene. 

[0079] In the case where the vessel 1 6 is disposed so as to be In slidable contact with the exposed surface 7a of 
the drum cathode body 7, It Is preferable that the vessel 1 6 be made of a material having wear-resistance, lubricity, 
and elasticity, such as polyethylene, polyester, polyurethane, and silicone rubber. In this vessel 16, a counter electrode 
body 17 for electrolytic oxidation, which is made of, for example, titanium or stainless steel, is disposed. This counter 

40 electrode body 1 7 faces the exposed surface 7a of the drum cathode body 7 exposed to the Interior of the vessel 1 6 
through the opening 1 6a of the vessel 1 6. 

[0080] A supply pipe 1 8a for electrolytic treatment liquid is attached to the side wall of the vessel 1 6, and a discharge 
pipe 18b for electrolytic treatment liquid is attached to the topwall thereof, these pipes constituting electrolytic treatment 
liquid supply mean 18. The electrolytic treatment liquid used to form an oxide film is supplied into the vessel 1 6 through 
45 the supply pipe 1 8a to fill the vessel 1 6, covers the exposed surface 7a of the drum cathode body 7, and flows out of 
the system through the discharge pipe 18b. 

[0081] Electric current is applied to between the counter electrode body 17 and the drum cathode body 7 while 
allowing the electrolytic treatment liquid to flow in the vessel 1 6, by which the exposed surface 7a of the drum cathode 
body which is exposed to the interior of the vessel 16 through the opening 16a can be electrolytically oxidized. 

50 [0082] If the vessel 1 6 is mounted so that some clearance is formed between the opening 1 6a of the vessel 1 6 and 
the exposed surface 7a of the drum cathode body 7, part of the supplied electrolytic treatment liquid flows out along 
the exposed surface 7a of the dmm cathode body 7 through the clearance, so that an electrolytic treatment liquid film 
with a unifonm thickness Is fonned on the exposed surface 7a of the drum cathode body which is exposed to the interior 
of the vessel 16 through the opening 1 6a, by which the fonming condition of oxide film is preferably stabilized. 

55 [0083] For the electrolytic treatment liquid supplied into the vessel 16. the electrolyte used for manufacturing a metal 
thin layer is usually used as it is by being pumped up. 

[0084] FIG. 7 and FIG. 8, whteh is a sectional view taken along the line Vlll-VIII of FIG. 7, are views showing a state 
in which another apparatus A3 Is mounted on the exposed surface of the drum cathode body. 
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[0085] This apparatus A3 has electrolytic treatment liquid holding means consisting of a trough-shaped vessel 19. 
For this trough-shaped vessel 1 9, the upper part is open, and both of the ends 1 9a, 1 9a in the lengthwise direction are 
sealed. One end 1 9a is provided with a supply pipe 20 for electrolytic treatment liquid, constituting electrolytic treatment 
liquid supply means. One side 19b of the trough-shaped vessel 19 Is lower In height than the other side 19c. 

5 [0086] The I ngth of the trough-shaped vessel 19 Is shorter than the width of th drum cathode body 7 for the same 
reason as that in the case of the electrolytic treatment holding means 15 of the apparatus so that both side portions 
7b, 7b of the exposed surface 7a of the drum cathode body 7 are not electrolytically oxidized. 
[0087] The trough-shaped vessel 1 9 is mounted so that the lengthwise direction thereof agrees with the width direc- 
tion of the drum cathode body 7, and the one side 19b is close to the exposed surface 7a of the drum cathode body 

10 so as to fomi some clearance between the side 1 9b and the exposed surface 7a of the drum cathode body. 

[0088] A counter electrode body 1 7 is disposed on the other side 1 9c of the trough-shaped vessel 1 9, and a metal 
powder removing filter 21 is interposed between the counter electrode body 17 and the exposed surface 7a of the 
drum cathode body. As a result, the interior of the trough-shaped vessel 19 is divided into a space 19d where the 
counter electrode body 17 is disposed and a space 1 9e positioned on the side of the exposed surface 7a of the drum 

IS cathode body. 

[0089] The metal powder removing filter 21 prevents metal powder from depositing on the exposed surface 7a of 
the drum cathode body 7, the metal powder being deposited on the exposed surface 7a of the dmm cathode body 7 
by a process in which the metal contained in the electrolytic treatment liquid is electrically deposited abnonnally as 
metal powder on the surface of the counter electrode body 17 in the electrolytic treatment, and the metal powder is 

20 removed from the counter electrode body by the flow of electrolytic treatment liquid. 

[0090] The electrolytic treatment liquid supplied to the trough-shaped vessel 1 9 through the supply pipe 20 overflows 
over the side 1 9b after filling the trough-shaped vessel 1 9, and flows down along the exposed surface 7a of the drum 
cathode body rotating in the direction indicated by arrow p. In this process, therefore, an electrolytic treatment liquid 
film with a uniform thickness is continuously fonmed on the exposed surface 7a of the drum cathode body. 

25 [0091] For the electrolytic treatment liquid, the electrolyte used for manufacturing a metal thin layer may be used as 
it is. Altematively, electrolytic treatment liquid supply pipes connecting with the spaces 19d and 19e fonned in the 
trough-shaped vessel 1 9 may be disposed separately so that, for example, the electrolyte used for manufacturing a 
metal thin layer is supplied to the space 19d and an electrolyte with a different composition or containing no metal ions 
is supplied to the spade 19e. 

30 [0092] The cross-sectional shape of the trough-shaped vessel 1 9 is not limited to a triangular one as shown in FIGS. 
7 and a. The shape may be a polygon such as quadrangle and hexagon or a semicircle. In effect, the trough-shaped 
vessel 19 may be shaped so that the electrolytic treatment liquid filling the vessel 19 overflows over the side 19b so 
that a liquid film can be fonned on the exposed surface 7a of the drum cathode body. 

[0093] FIG. 9 and FIG. 10, which is a sectional view tal<en along the line X-X of FIG. 9, are views showing a state 
35 in which still another apparatus A4 is mounted on the exposed surface of the drum cathode body. 

[0094] This apparatus A4 has electrolytic treatment liquid holding means 22 consisting of an elongated closed vessel 
of a convex lens shape in cross section. 

[0095] Specifically, an attaching portion 22b of a counter electrode body 1 7 for electrolytic oxidation is mounted at 
the back of a curved plate 22a in a liquid tight manner, both ends 220, 220 in the lengthwise direction are sealed, a 

40 supply pipe 23 for electrolytic treatment liquid is attached to a substantially central position of vessel, and electrolytic 
treatment liquid spraying means 22d is fonned at the tip end of the curved plate 22a, by which the electrolytic treatment 
liquid supply means for supplying electrolytic treatment liquid onto the exposed surface 7a of the drum cathode body 
7 is formed. The spraying means 22d may consist of, for example, a plurality of holes fomned along the lengthwise 
direction of the curved plate 22a or a slit with a predetermined width fonned in the lengthwise direction of the curved 

45 plate 22a. 

[0096] The length of the closed vessel 22 is shorter than the width of the drum cathode body 7 for the same reason 
as that in the case of the electrolytic treatment holding means 1 5 of the apparatus A^ so that both side portions 7b, 7b 
of the exposed surface 7a of the drum cathode body 7 are not electrolytically oxidized. 

[0097] The whole vessel is so configured that the counter electrode body 1 7 is disposed at the attaching portion 22b, 
50 the lengthwise direction of the vessel agrees with the width direction of the drum cathode body 7, and spraying means 
22d formed in the curved plate 22a is disposed so as to face the exposed surface 7a of the drum cathode body 7 with 
a predetemnined gap. 

[0098] The electrolytic treatment liquid fed into the vessel 22 through the supply pipe 23 by pumping etc. is sprayed 
from the spraying means 22d after filling the vessel 22 to hit the exposed surface 7a of the drum cathode body 7 rotating 
55 in the direction indicated by arrow p, and flows down along the exposed surface 7a, whereby a liquid film with a unifomi 
thickness is formed. 

[0099] As the electrolytic treatment liquid, the electrolyte used for manufacturing a metal thin layer may be used, 
and if necessary, another electrolyte such as dilute sulfuric acid solution may be used. 
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[0100] While this state is maintained, a predetemnined voltage is applied to between an anode of the drum cathode 
body 7 and a cathode of the counter electrode body 1 7, by which the exposed surfac 7a of the drum cathod body 
is electrolyticaily oxidized. Since the drum cathode body 7 is rotated in the direction indicated by arrow p in the figures, 
an oxide film is fomied continuously or intemilttently on the exposed surface 7a. 

5 [0101] Although In this apparatus A4, the surface opposing to the exposed surface 7a of the drum cathode body is 
curved, the shape is not limited to this one, and any shape such that the electrolytic treatment liquid filling the vessel 
interior can be sprayed toward the exposed surface 7a of the dnjm cathode body may be used. Also, means for uniformly 
distributing the electrolytic treatment liquid, for example, means in which uniform small holes are formed in a pipe and 
the electrolytic treatment liquid supplied to this pipe is sprayed from these small holes may be provided within the 

10 vessel 22. Further, the supply pipe 23 is not necessarily attached to the central position of the apparatus A4, but may 
be attached to any position where the electrolytic treatment liquid can be sprayed unlfomnly from the spraying means 
22d. 

[0102] Also, a metal powder removing filter may be provided between the counter electrode body 1 7 and the spraying 
means 22d as in the case of the apparatus A3 so as to prevent the metal powder eiectricaliy deposited on the counter 

15 electrode body from flowing out onto the exposed surface 7a of the drum cathode body 7. 

[0103] This apparatus A4 achieves an effect that when the electrolyte for manufacturing a metal thin layer, which 
has a relatively high metal concentration, is used as the electrolytic treatment liquid, the amount of electrolyte used 
can be decreased by making the spray opening of the spraying means 22d smallest possible, and the deposition of 
metal salt in the electrolytic treatment liquid used can be inhibited to the utmost by decreasing the amount of scattered 

20 electrolyte. 

[0104] For example, when an electrolytic copper foil is manufactured by using copper sulfate electrolyte, copper 
sulfate solution having a relatively high copper concentration is used as an electrolyte. When this electrolyte is used 
as an electrolytic treatment liquid for fomriing an oxide film, copper sulfate crystals are produced if the temperature is 
low, and stick to the apparatus and the electrolytic copper foil, thereby inhibiting the smooth operation of the apparatus. 
2S In the apparatus A4 shown in FIGS. 9 and 1 0, this trouble can be eliminated easily by merely changing the shape of 
the spraying means 22d and the distance from the spraying means 22d to the exposed surface 7a of the drum cathode 
body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0105] 

FIG. 1 is a sectional view showing a typical cross-sectional structure of a metal foil manufactured by a method in 
accordance with the present invention; 
35 FIG. 2 is a sectional view of a typical electrode with a collector using a metal foil manufactured by a method in 

accordance with the present invention; 

FIG. 3 is a schematic view showing a manufacturing system for an electrolytic metal foil; 
FIG. 4 is a schematic view showing another manufacturing system; 

FIG. 5 is a partially cutaway perspective view showing a state in which an apparatus A^ used for forming an oxide 
40 film is mounted on the exposed surface of a drum cathode body; 

FIG. 6 is a partially cutaway perspective view showing a state in which an apparatus A2 used for forming an oxide 
film is mounted on the exposed surface of a drum cathode body; 

FIG. 7 is a partially cutaway perspective view showing a state in which an apparatus A3 used for fomiing an oxide 
film is mounted on the exposed surface of a drum cathode body; 
^ FIG. 8 is a sectional view taken along the line VIII-VIII of FIG. 7; 

FIG. 9 is a partially cutaway perspective view showing a state in which an apparatus A4 used for forming an oxide 
film is mounted on the exposed surface of a drum cathode body; and 
FIG. 10 is a sectional view taken along the line X-X of FIG. 9. 

so BEST MODE OF CARRYING OUT THE INVENTION 

Working examples 1 and 2, comparative examples 1 and 2 
1) Manufacture of metal foil 

55 

[0106] In the system shown in FIG. 3, the drum cathode body 7 was made of titanium, and the apparatus A4 shown 
in FIGS. 9 and 10 was mounted on the surface of the drum cathode body 7. 

[0107] The electrolyte 5 with a copper ion concentration of 1 00 g/liter, a sulfuric acid concentration of 1 00 g/liter, and 
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a bath temperature of 60°C was supplied into the electrolytic bath 4. While the drum cathode body 7 was rotated, an 
electric cun'ent with a cun^ent density of 60 A/dm^ was applied to between the drum cathode body 7 and the anode 
body 6 to continuously form a copper thin layer on the surface of the drum cathode body 7. By separating the copper 
thin layer from the surface of the drum cathode body 7, the electrolytic copper foil 1 was manufactured continuously 
5 [0108] While the manufacture of the lectrolytic copper foil 1 was continu d, the aforesaid electrolyte was supplied 
into the closed vessel 22 through the supply pipe 23 of the apparatus A4, and sprayed onto the exposed surface 7a 
of the drum cathode body 7 rotating in the direction indicated by an^ow p from the spraying means 22d while the voltage 
between the drum cathode body 7 and the counter electrode body (made of titanium) 1 7 was Icept at a constant value 
of 50 V. 

10 [0109] A titanium oxide film with a thickness of 70 nm was fomned continuously on the exposed surface 7a of the 
drum cathode body 7. 

[0110] Copper was electrically deposited on this titanium oxide film to fonm a copper thin layer. By continuously 
separating the copper thin layer from the drum cathode body 7, the electrolytic copper foil 1 was obtained. 
[01 1 1] Then, the obtained electrolytic copper foil 1 was subjected to surface roughening with a current density of 30 
15 A/dm^ by using an electrolyte with a copper ion concentration 5 of 20 g/liter, a sulfuric acid concentration of 40 g/liter, 
and a bath temperature of 30'' C. 

[0112] For the electrolytic copper foil after surface roughening, the average thickness was 50 ^m, and the surface 
roughnesses (Rz) of the separation surface (S surface) from the drum cathode body and the opposite surface (M 
surface) were 5 jim and 11 ^m, respectively. 
20 [0113] Also, in this electrolytic copper foil, open-pores communicating in the thickness direction were found. The 
diameter of the open-pore was 0.1 to 3 ^m, and the distribution density thereof was 1 00 to 200 pores/mm^. 

2) Manufacture of electrode 

25 [01 i 4] Ten parts by weight of polyvinylidene fluoride powder was mixed with 1 00 parts by weight of KETJEN BLACK 
EC(carbon black manufactured by AKZO CO., LTD., specific surface area: 950 m^/g, average grain size: 0.03 ^m), 
and 30 parts by weight of N-methylpyrrolidone was added to the resultant mixed powder to prepare paste of active 
material mixture. 

[0115] This paste was appliedto both of the surfaces of the aforesaid electrolytic copper foil, dried, and press-fomied 
30 at a pressure of 2000 kg/cm2 to manufacture a working example electrode 1 of 1 00 jim thick, 1 0 mm wide, and 20 mm 
long. The amount of active material mixture supported on this electrode was 20 mg. 

[0116] For comparison, a rolled copper foil of 50 ^m thtek was prepared, and 20 mg of an active material mixture 
was put on both of the surfaces thereof in the same way as described above to manufacture a comparative example 
electrode 1 . 

35 [0117] Also, both of the surfaces of the aforesaid rolled copper foil were roughened to about Rz 2 to 5 ^im with #800 
emery paper, and 20 mg of an active material mixture was put thereon in the same way as in the working examples 
to manufacture a comparative example electrode 2. 

3) Cycle life of electrode 

40 

[0118] An electrolyte fomied by dissolving lithium perchlorate of 1 M in propylene carbonate of 1 kg was prepared. 
Each of the aforesaid electrodes was disposed in this electrolyte as a negative electrode, and metallic lithium foils were 
disposed as a counter electrode and a reference electrode, by which four kinds of three-electrode cells were assembled. 
[01 1 9] Then a charging/discharging cycle test was made. In one cycle of this test, a constant current of 1 .2 mA was 
45 applied to the aforesaid three-electrode cell to perfonn charging until the voltage reached 0 V with respect to the 
potential of the reference electrode, the current application was halted for 20 minutes, and then discharging was per- 
formed with a constant current of 1 .2 mA until the voltage reached 1 .5 V with respect to the potential of the reference 
electrode. 

[01 20] For each three-electrode cell, the discharge capacity at the 20th cycle in the charging/discharging cycle test 
50 was compared with the discharge capacity at the 1 st cycle, and the ratio (%) of the fomrier to the latter was calculated. 
The result is given In Table 1 . 



Table 1 





Ratio of discharge capacity in charging/discharging cycle test (%: 20th cycle/ 

1st cycle) 


Working example electrode 1 


97 or higher 
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Table 1 (continued) 





Ratio of discharge capacity in charging/discharging cycle test (%: 20th cycle/ 

1st cycle) 






Comparative example electrode 1 


About 40 


Comparative example electrode 2 


About 70 



[0121] As is apparent from the above result, the discharge capacity of the working example electrode is less prone 
to decrease in the process of charging/discharging cycle, so that the working example electrodes have excellent cycle 
life characteristics. 

[01 22] The reason for this is that because the collector (electrolytic copper foil) has a porous structure of the aforesaid 
specification, the contact strength between the collector and the active material mixture supported on the collector is 
high, so that the active material mixture is effectively prevented from peeling off in the process of the charging/dis- 
charging cycle test. Also, the reason for this is thought to be that because the electrolytic copper foil is porous and 
open -pores penetrate the foil in the thickness direction, lithium ions pass through the open-pores between the active 
material mixtures supported on the surfaces, so that a unifonm electron transfer reaction proceeds. 

Working example 2 



10 



15 



[0123] The apparatus A3 shown in FIGS. 7 and 8 was mounted on the exposed surface of a titanium-made drum 
cathode body. An electrolytic copper foil was manufactured while a 35 nm thick titanium oxide film was fomned on the 
exposed surface 7a of the drum cathode body 7 by applying a constant voltage of 25 V to between the counter electrode 
body 1 7 and the drum cathode body 7. The resultant electrolytic copper foil was subjected to surface roughening under 
the same conditions as in the case of the working example electrode 1 . 

[0124] The obtained electrolytic copper foil had a porous structure in which the average thickness was 25 jim, the 
Rz of S surface was 2 ^m, the Rz of IVl surface was 9 ^m, the diameter of open-pore was 0.1 to 3 (im, and the distribution 
density thereof was 150 to 250 pores/mm2. 

[0125] A collector with an average thickness of 50 ^m whose surface consisted of the M surface was fomned by 
lapping the electrolytic copper foil over another with their S surfaces being brought into contact with each other, and 
an active material mixture was put on the M surfaces in the same way as in the case of the working example electrode 
1 , by which a working example electrode 2 was manufactured. 

[0126] This electrode was subjected to the same charging/discharging cycle test as in the case of the working ex- 
ample electrode 1 . 

[01 27] This electrode sh owed a value of 98% or higher of the ratio of discharge capacity at the 20th cycle to discharge 
capacity at the 1st cycle, exhibiting excellent cycle life characteristics. 



Working example 3 

[0128] The apparatus A^ shown in FIG. 5 was mounted on the exposed surface of a titanium-made drum cathode 
body. An electrolytic copper foil was manufactured while a 70 nm thick titanium oxide film was fomfied on the exposed 
surface 7a of the drum cathode body 7 by applying a constant voltage of 50 V to between the conductive roll 13 and 

the drum cathode body 7. 

[0129] The obtained electrolytic copper foil had a porous structure in which the average thickness was 20 ^m, the 
Rz of S surface was 2 ^m, the Rz of M surface was 6 ^.m, the diameter of open-pore was 0.1 to 3 ^m, and the distribution 
density thereof was 350 to 450 pores/him^. 

[0130] After an active material mixture was put on the M surface and S surface of this electrolytic copper foil in such 
a manner that the ratio of amount of mixture supported on the M surface to that on the S surface is 9:1 , the electrolytic 
copper foil was lapped over another with their S surface sides being brought into contact with each other in the same 
way as in the case of the working example electrode 2, and the lapped foils were dried and press-formed at a pressure 
of 2000 kg/cm^, by which a working example electrode 3 was manufactured. 

[01 31] This electrode was subjected to the same charging/discharging cycle test as in the case of the working ex- 
ample electrode 1 . 

[0132] This electrode showed a value of 99% or higher of the ratio of discharge capacity at the 20th cycle to discharge 
capacity at the 1st cycle, exhibiting excellent cycle life characteristics. 
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Working example 4 

[0133] Commercially available lithium carbonate (U2CO3) and basic cobalt carbonate (2C0CO3 • 3Co(OH)2) were 
weighed so that the molar ratio of Li/CO is 1 : 1 , and wet-blended using ethanol with a zirconia-made ball mill. Thereafter, 

5 the blended material was heat-treated at a temperatur of 900*0 for two hours to synthesize LlCoOg. 

[0134] This LiCo02 was ground into powder with an average grain size of 16 pjm with the ball mill, and 6 parts by 
weight of graphite powder with an average grain size of 0.1 |xm was blended with 1 00 parts by weight of this powder. 
Further, 3.5 parts by weight of polyvinylidene powder was dissolved in 30 parts by weight of N-methylpyrrolidone, and 
the resultant material was added to the aforesaid mixed powder of LiCo02 powder and graphite powder to prepare 

10 paste of active material mixture (electrode mixture). 

[0135] Using this paste and using the electrolytic copper foil shown in the worldng example electrode 1 as a collector, 
a working example electrode 4 with the active material mixture of 20 mg was manufactured in the same way as in the 
case of the working example electrode 1 . 

[0136] This electrode was subjected to the same charging/discharging cycle test as in the case of the working ex- 
IS ample electrode 1 . 

[01 37] Th Is electrode sh owed a value of 98% or higher of the ratio of discharge capacity at the 20th cycle to discharge 
capacity at the 1 st cycle, exhibiting excellent cycle life characteristics. 

Working example 5 

20 

[0138] In working example 1, the electrolyte was replaced with an electrolyte for manufacturing electrolytic nickel 
foil, having a nteket sulfate concentration of 300 g/liter, a boric acid concentration of 40 g/liter, and a bath temperature 
of 60*C, and this electrolyte was used to fomn a 70 nm thick titanium oxide film on the exposed surface of drum cathode 
body by using the apparatus A4. While forming this titanium oxide film, an electrolytic nickel foil was manufactured with 
25 a current density of 30 A/dm^. 

[0139] The obtained electrolytic nickel foil had a porous structure in which the average thickness was 25 (xm, the Rz 
of S surface was 2 jim, the Rz of M surface was 7 nm, the diameter of open-pore was 0.1 to 4 jim, the distribution 
density thereof was 300 to 400 pores/mm^, and the porosity was 5%. 

[0140] Hydrogen occlusion alloy powder with a composition of MmNig gglVIno 4AI0 3C0Q 75 (Mm: misch metal) and a 
30 grain size of 30 to 50 nm was prepared. Five parts by weight of 60% fluid dispersion of polytetrafluoroethylene powder 
and 30 parts by weight of 1.2% carboxymethylcellulose solution were mixed with 100 parts by weight of this alloy 
powder to prepare paste. 

[0141] This paste was applied to both of the surfaces of the aforesaid two nickel foils, and one nickel foil was lapped 
over the other with their S surface sides being brought into contact with each other. After being dried, the lapped foils 
55 were press-fonned at a pressure of 2000 kg/cm2, by which a negative electrode for nickel-hydrogen battery with a 
thickness of 0.8 mm, a width of 70 mm, and a length of 100 mm was manufactured. 

[0142] Meanwhile, a publicly known positive electrode with a thickness of 0.8 mm, a width of 70 mm, and a length 
of 100 mm was prepared. In this positive electrode, nickel hydroxide was used as an active material for positive elec- 
trode, and the theoretical discharge capacity was set at a value about 0.7 times of the theoretical discharge capacity 
40 of aforesaid negative electrode. Separators of 0.2 mm thick made of nylon were interposed between four positive 
electrodes and five negative electrodes, and a 6NK0H electrolyte was used to assemble a nickel-hydrogen battery 
with a rated capacity of 10 Ah. 

[0143] This battery was subjected to a charging/discharging cycle test, In whteh one cycle consists of 120% over- 
charging at 0.5 C and discharging down to a final discharge voltage of 1 .0 V at 1 .0 C, and the decrease ratio of discharge 

45 capacity at 500 cycle time was measured. 

[0144] For comparison, negative electrodes were manufactured as a comparative example electrode 3 and compar- 
ative example electrode 4 by using a punching nickel sheet foil with an opening ratio of 10% and a nickel foam with a 
porosity of 50% as collectors, respectively, and by putting a mixture on the collector under the same conditions as 
described above, and nickel-hydrogen batteries were assembled. On these batteries as well, the decrease ratio of 

so discharge capacity at 500 cycle time was measured In the same way as in the working example. The results are given 
in Table 2. 

[0145] In addition, the tensile strength and elongation of the collector were measured by the method specified in JIS 
C651 1 , and the measured value is given in Table 2. Also, the manufacturing cost of the comparative example electrode, 
which is calculated when the manufacturing cost of the woridng example electrode 5 is taken as 1 , is given as a relative 
55 value in Table 2. 
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Table 2 



5 




Decrease ratio of 
discharge capacity 
(%: after 500 cycles) 


Mechanical properties of collector 


Manufacturing cost 
(relative value) 








Tensile strength (kg/ 
mm2) 


Elongation (%) 




10 


Woridng example 
electrode 5 


15 


25 


7 


1 




Comparative 
example electrode 3 


20 


15 


5 


3 


15 


Comparative 
example electrode 4 


24 


5 


1 


10 



[0146] As is apparent from the above result, a battery incorporating an electrode in which a metal foil of the present 
invention is used as a collector has a low decrease ratio of discharge capacity, and thereby has high cyde life char- 
acteristics. Also, the collector has high mechanical properties, so that, for example, breakage or like trouble is not 
caused even when the collector is contained In the battery by being wound. Because the collector Is manufactured by 
electrolytic plating, it can be mass-produced, so that the manufacturing cost can be reduced, whteh contributes to the 
provision of inexpensive electrodes. 

INDUSTRIAL APPLICABILITY 

25 . 

[0147] The metal foil manufactured by the method in accordance with the present Invention has many open-pores 
formed in the thickness direction. 

[0148] Therefore, when this metal foil is used as a collector for a secondary battery, the openings of these open- 
pores have an anchoring effect on the electrode mixture supported on the metal foil, so that the contact strength 
between the electrode mixture and the collector Is increased, by which the electrode mixture is prevented from peeling 

off in the charging/discharging cycle. 

[0149] Also, when this metal foil is used as a collector for the electrode of lithium battery, the electron transfer reaction 
in battery operation proceeds smoothly via the open-pores of this metal foil, so that the coefficient of use of active 
material Is increased, by which, the cycle life characteristics of battery is improved. 

[0150] Since this metal foil Is manufactured by electrolytic plating. It can be mass-produced, so that the manufacturing 
cost is decreased, which contributes greatly to the manufacture of Inexpensive electrodes. 



Claims 

40 

1. A method of manufacturing a porous eljectrolytic metal foil, said foil being fonmed with a plurality of open-pores 
penetrating In the thickness direction from one surface thereof to the other surface thereof, comprising the steps of: 

continuously fomning a metal thin layer by electrically depositing metal ions on the surface of a moving cathode 
^ body by an electrolytic reaction which is carried out by immersing an anode body and the moving cathode 

body in an electrolyte containing metal ions and by applying electrical current between the anode body and 
moving cathode body while said moving cathode body is moved; and 

continuously manufacturing an electrolytic metal foil by continuously separating said metal thin layer from the 
surface of said moving cathode body while said moving cathode body is moved; 
^ and further comprising the step of: 

fomfiing an oxide film on the surface of said moving cathode body exposed after said thin layer is separated, 
by electrolytic oxidation of said exposed surface; 

characterized in that said oxide film Is formed with a thk;kness higher than 1 4nm and not greater than 1 00 nm. 
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PatentansprQch 

1. Ein Verfahren zur Herstellung einer pordsen elektrolytischen Metallfolie, wobei die Folie mit einer Vielzahl von 
offenen Poren ausgebildet ist, die in die Diclcenrichtung von einer Oberf ISclie davon zur anderen Oberf ISche davon 
5 dringen, das folgende Sclirftte umfasst: 

das kontinuierltche Bilden einer dunnen Metallschicht durch elektrische Ablagerung von Metallionen auf der 
Oberfiache eines stch bewegenden Kathodenl<orpers durch eine elektrolytische Real^ion, die durchgefulirt 
wird, indem ein Anodenkorper und der sich bewegende Katiiodenkdrper in einen Elektroiyt eingetaucht wer- 

10 den, der Metailionen enthgtt, und durch das Anlegen von elektrischem Strom zwischen dem Anodenkorper 

und dem sich bewegenden Kathodenkorper, wahrend der sich bewegende Kathodenkorper bewegt wird; und 
das kontinuierliche Herstellen einer elektrolytischen Metallfolie durch das kontinuierliche Trennen der dunnen 
Metallschicht von der Oberf ISche des sich bewegenden Kathodenkorpers wShrend der sich bewegende Ka* 
thodenkdrper bewegt wird; 

15 und weiterhin den foigenden Schritt umfassend: 

das Bilden eines Oxidfilms auf der Oberfiache des sich bewegenden Kathodenkorpers, die nach derTren- 
nung der dunnen Schicht ausgesetzt ist, durch elektrolytische Oxidlerung der ausgesetzten Oberfiache; 

20 dadurch gekennzeichnet, dass der Oxidfilm mit einer Dicke ausgebildet wird, die hoher als 14 nm und 

nicht groBer als 100 nm ist. 



Revendications 

23 

1 . Proc^dd pour fabriquer une f euille m^tallique diectrolytique poreuse, ladite feuilie prdsentant une plurality de pores 
ouverts p6n6trant dans la direction de I'^paisseur k partir d*une surface de celle<i vers {'autre surface de ce!le-ci, 
comprenant les stapes de : 

30 . former de fa^on continue une couche mince m^talllque en d^posant ^lectriquement des ions m^talliques sur 
la surface d'un corps de cathode mobile par une reaction 6lectrolytique qui est mise en oeuvre en Immergeant 
un corps d'anode et le corps de cathode mobile dans un Electrolyte contenant des ions m6talliques et en 
appliquant un courant Slectrique entre le corps d'anode et ie corps de cathode mobile, tandls que ledit corps 
de cathode mobile est d^piace ; et 

3S . fabriquer de fagon continue une feuilie m^tallique Electrolytlque en sEparant de fapon continue ladite couche 

mince mdtallique de la surface dudit corps de cathode mobile, tandis que ledit corps de cathode mobile est 
d§plac§ ; et 

comprenant de plus I'^tape de : 

40 

fornier un film d'oxyde sur la surface dudit corps de cathode mobile exposEe aprds que ladite couche mince 
est sEparde, par oxydation diectrolytique de ladite surface exposee ; 

caracterise en ce que ledit film d'oxyde est form6 en ayant une epaisseur sup6rieure ^ 14 nm et pas plus grande 
^ que 100 nm. 
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FIG.1 
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FIG. 5 
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FIG. 7 
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